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OBSERVATIONS UPON THE OSTEOLOGY OF THE ORDER TUBI- 
NARES AND STEGANOPODES. 

l:v DR. R. W. SHUFELDT, U. S. ARMY, 

Tlie order Tnhinarcs has been made to include the Albatrosses, Ful- 
mars, Shearwaters, and Petrels^ the Albatrosses being carried in the 
fainil}’ Diomedcidcv^ and the remaining forms in the family ProceUa^ 
rild(c, with such divisions in each into subfamilies and genera as our 
present knowledge of their structure seems to warrant. 

A S])lendid contribution to the anatomy and classification of the Tii- 
binares Avas left us by my talented friend Mr. W. A. Forbes,* wlio so 
ably examined the material for tl)is subject collected by the Challenger 
expedition. 

As an introduction to his work, ]\Ir. Forbes gives us a very excellent 
account of the “Previous Literature on the Anatomy and Classification 
of the Tubinares,*^ which goes to show that the study of the structure 
of these birds has by no means been neglected. 

3Iy material at the present time is quite limited, although I have at 
my disposal everything the Smithsonian Institution collections contain. 
Under these circumstances I can hardly hope to add anything to the 
exhaustive researches of Forbes, who had at his command alcoholic 
specimens and skeletons of nearly all the genera known to us. His 
illustrations, however, are not many, so far as the skeletons of some of 
the types are concerned, and I am in hopes that this part of my labor 
will be acceptable to those who may take up the subject in future, and 
not have at hand, |)erhaps, some of the skeletons which I have figured 
to illustrate this memoir. 

My remarks will be confined principally to the skull of the adult Al- 
batross, the skeleton of the adult Fulmar, and the skeleton of the adult 
Gra^’ Fork- tailed Petrel. 

Pepresenting the Shearwaters, I have nothing except one sternum of 
Piiffinus major^ collected by Mr. N". P. Scudder, and an imperfect skull 
of a Shearwater collected by Dali, which, from its measurements and 
the locality in which it was picked up (a beach specimen), I take to be 
Pu ffin us tenuirostris, 

i am indebted to Dr. T. II. Bean, of the Smithsonian Institution, for 
the four fine alcoholic heads of Diomedca collected by him in 

* Report ou the Scientific Results of the A'oyage of H.M. S. ChaUenyer ilui iiig the 
years 1873-’76, under the comiiiaiul of Capt. George S. Nares, R. N., F. R. S., and Capt. 
Tonilc Thomson, R.N. Prepared under the superintendence of tin' late Sir C. Wy- 
ville Thomson, Kni., F. R. S., etc., regius professor of natural history in the Uni- 
versity of Edinburgh, director of the civilian staff cn board, and now of John ^lur- 
ray, F. R. S. E., one of the naturalists of the expedition, Zoology, Vol. iv, pt. Xi, 
pp. 1-64; Pis. i-vn (1882). 
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Alii.sk;>. Tliey Imve been of tbe greatest service to me. Tliis bird 
ranges over tin' I'aeilic Ocean at lai’ge. 

Kodgcrs’ Fulmar (F. (jlachtUs rodf/ersii), the skeleton of whicli we will 
examine, is conlined to the North I’acitie. This is likewise the habitat 
of the Fork-tailed Petrel (0. furcutci), four nearly i)erfcct skeletons of 
which bird iire fonud in our list for examination. 



Specimcu.'?. 



Locality. 



Colloclor. 



Sinithaonian cata- 
logue mimber. 



Ilemarks. 



Ih'omeib'a (ilbatnifi 1 Ala.ska 

Diotncdea albafru)t,jnv tlo 

Do tlo 

Do tlo 

/V //ottos' major Davis’ Straits 

Ftilmanis (jlacialin do 

Do do 

Do do 



. do . 



Dt) Xorlli Atlanlic 

Diomcdea albatrus Cook’s Inlet, Alaska. . 



Dlomctlea (sp. ?) 



Ooiialaska . 



FulinaruK (jlaciaUs Upcruavick 



Ifiohietlea (sj). ?) 

Occa n odrom a jo rca ta . 

Do 

Do 

Do 



Tokio, Japan 



T. II. Bean 


Writer’s collection 


Alcoholicbead. 


do 


. . do 


Do. 


do 


do 


Do. 


...do 


.... do 


Do. 


N. D. Scudder. .. 


Ki97() 


Sternum, etc. 


^ do 


10978 


Do. 


do 


10979 


Do. 


do 


10980 


Do. 


do 


10981 


Do. 


L. Kumlien 


10987 


Skeleton. 


E. P. Hcreiideeu 


33.'{3 


Steniiuii. 


Lieut. P.II. Bay. 


1G738 


Skull. 




16781 




P r. .Dmy 


10948 


Sternum. 


W. H. Da’ll 


10990 


Skeleton. 


do 


10991 


Do. 


. do 


10992 


' Do. 


do 


1G993 


Do. 









The skull of the doubtful species of Albatross, No. 1G73S, fiom Ooua- 
hiska, differs from those in my possession of iX (dbatrus, and probably 
is some other species, perhaps I), nigripes or Fhachetria fnlUjUiom. 

The sternum of an Albatross bought by Mr. Jouy in the Tokio mar- 
ket appears to agree very '>Yell with specimens of the sternum of the 
Short-tailed Albatross. 

Skeleton of Oceanodroma furcata (Fork-tailed Petrel.) 

(Fig. 1.) 

We find in the skull of this Petrel some very exeellent characters, a 
number of which it holds in common with the Fulmars, and still fewer 
with the Albatrosses. 

Ivcgarding it from a lateral view, we observe the superior mandible 
to be i>owerfully hooked, with the culiueu, transversely, very narrow 
between tlu‘ longitudinally elliptical osseous nares. 

The nasal assumes the holorhiual type, and a concavity appears 
above, over the region of the eranio-facial Junction. 

A lacryiual is a very peculiar bone in this bird, it, with a projecting 
part of the frontal at the superior exteriio-anterior angle of the orbit, 
having([uite aiiexteiisiveface that looks directly backward, thus forming 
a good share of the anterior wall of the orbital cavity. From this portion 
two ])iocesses are sent out; the one reaches directly forward to articin 
late by its extremity with the hinder free margin of the corresponding 
nasal. This process forms a wall for the upper part of the rhinal chanir 
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ber, and may or may not leave a lougitiuliiia], spindlo-sbaped foramen 
between its U])i)er margin and the united free upper border of the nasal 
and frontal. (Fig. 1.) 

The remaining process is the descending process of the lachrymal, 
and it is overlapped posteriorly at its middle by the pars-plana, but 
reaches the infraorbital bar by the latter being bent at a sharp angle 
upward to meet it. 

This process has a circular foramen in front which leads into its in- 
ternal cavity, but for which I fail to find an exit or recognize the use of 
to the bone unless it be a pneumatic opening. 

The wing of the ethmoid completely fills in the remainder of the an- 
terior wall for the orbit, being impervious in all its parts. It is sej)a- 
rated from its fellow of the opposite side by a median superior area of 
bone, concave on its posterior aspect. This is the mesethmoid, and is 
perforated for the passage of the olfactory nerves, the entire wall of the 
brain-case being open opposite it. It is evident that this latter arrange- 
ment gives rise to a large subcircular foramen in each orbital wall at 
the ui)per postero superior aspect, through which we may see into the 
cavity of the brain-case. The optic foramen seems to be intact and 
perfect in all cases. Beyond it there is another circular foramen about 
the same size, which pierces the interorbital septum here — really a con- 
cavity between the sloping walls of the pars-plana on one hand and the 
lower portion of the anterior wall of the brain-case on the other. 

The quadrate has a form much the same as in birds generally, but the 
mandibular facets at its foot are characteristic. The outer and oblong 
one is idaced obliquely, its anterior end being forward; the inner and 
lower one, in addition to a facet which it has placed nearly in the hori- 
zontal plane, has another which looks almost directly forward. This 
latter one is transversely grooved for its entire length. Viewing this 
skull from above, we find it marked by a shallow, median groove, being 
deepest between the orbits. 

The luniform, supraorbital, glandular depressions occupy the entire 
upper free margins of these cavities, extending between the lacrymals 
and upturned, pointed post-frontals. They are clean-cut and deep* 
being of about an equal width throughout. 

Posteriorly the skull is smooth and rounded, in direct continuation of 
a similar character of surface of the parietal region. It lacks all those 
angular definitions of areas so prominent in the Alcida^ and Ur in a tor id a\ 

The crotaphyte fossm are lateral and very feebly pronounced. Seen 
upon its under side, we at once discover that the skull of this Petrel 
presents all the characters of a veritable Cecomorph, which it is. The 
arrangement of the bones of the hard palate is essentially the same as 
in the Loons, Auks, and Guillemots. We notice here, however, that in 
this Petrel the palatines each present a convexity" toward each other 
opposite where they meet the maxillo-palatincs. These latter are thin, 
firm plates of bone arranged as in the Auks or Gulls, with the excep- 
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tion that their median free margins seem to anchylos with tlie cone- 
spomling' edges of th(‘ ])alatines over wliieli they lay 5 consequently upon 
this view tliey are shut out of sight and do not appear in the interpal- 
atine space. 

The vomer is very long, being half a hollow cylinder behind, with its 
convex sni face downward; the posterior end of this joins the palatines 
in the usual way. llelow, it is longitudinally grooved in the median 
line. This groove is continued forward as a earinatioii on the anterior 
portion, to terminate in a little spike in front. The concavity of the 
half cylinder and the anterior portion form togidher a long gutter for 
the rostrum of the sphenoid. 




Fig. 1. ('onij)lete slvcU toii of Occanodroma furcala. (Specimen 1G990, Smithsoiiiau collection.) Life 

.size. Ity the author. 



T\\q pteri/rjouls are slender, straight bones; their anterior heads meet 
each other and the heads of the i)alatines, the four forming a groove 
above for the under convex surface of the presphenoidal rostrum. 

There is no sign wliatever of the presence of basi i)terygoid processes. 
Huxley mentions their occurrence in Proccllaria gujantea in his Classi- 
fication of Birds. 
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The Eustacbiaii tubes seem to have a common aperture, ami tlie ex- 
ternal opening is nearly naked. 

Bebind tins orifice tbe basi-temporal region is represented by a broad 
area, wbicb, in common with tbe margins of tbe subcircular foramen 
magnum and tbe small bemispberical and sessile condyle, is in tbe hori- 
zontal plane. 

An upper view of tbe mandible shows it to be perfectly V-sbaped, 
with rather a short, longitudinally grooved symphysis. Its anterior 
apex is at tbe intersection of tbe lower ramal borders, wbicb are straight 
lines, while tbe superior borders, forming as they do tbe sides of tbe 
sympbysial -groove above, become gently convex and approach each 
other to meet in this apex below. Tbe anterior end of tbe mandible in 
an Albatross is shaped in much tbe same manner. 

Tbe side of each ramus is broad from above downward just beyond 
tbe feebly pronounced coronoid process. Beyond this tbe upper and 
lower borders are nearly parallel, and tbe space they include quite 
narrow. 

A mandibular end is triangular in outline with tbe apex below, and 
tbe plane of its area making but a slight angle with tbe plane in wbicb 
tbe inferior ramal borders are found. 

Tbe original elements of this lower jaw are completely united together, 
leaving scarcely any trace of their original margins or a ramal vacuity 
where it usually occurs in many birds. 

For tbe rest tbe bone is pneumatic, tbe foramina being at their usual 
sites, upon tbe inturned processes of tbe articular ends. 

Petrels have a broad first basi-brancbial in their hyoid arches^ wbicb 
co ossities with a spine-like second basi-brancbial. 

Tbe cerato-byals and glosso byal never form in bone, while tbe sec- 
ond arches are exceedingly delicate osseous threads in Oceanodroma, 
curving up bebind tbe occiput in tbe usual fashion of tbe class; these 
‘^greater cornua’’ being composed of tbe common elements and articu. 
lated in tbe common way. 

Of. the vertebral column^ etc . — Usually in this Petrel tbe first free pair 
of tiny ribs occur upon tbe fourteenth vertebra of the column, but in 
one of these specimens they are liberated also on tbe tbirteentb. In 
either event, however, there is a long, delicate free pair suspended from 
tbe fifteenth vertebra. 

I^v'eural spines occur upon tbe second to the sixth, inclusive, but are 
from thence onward suppressed until this feature makes its appearance 
again in tbe fourteenth vertebra. Tbe li3mpopbysial canal is found in 
the sixth, seventh, and eighth, but thereafter a process is found all tbe 
wa3" through tbe series to tbe sacrum. These byapopbysial processes 
are quite prominent in mid-dorsal region. Here, too, tbe neural spines 
are very intimately connected together, but nevertheless tbe vertebrre 
are all movable upon one another. 

From tbe sixteenth to tbe twenty-first vertebra, inclusive, we find a 
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series of true ribs occurring, connected to the sterniun by costal ribs. 
They support aiicliylosed ei)ipleural appendages, wliicli may lap two 
ribs in the middle of tlie series. 

A delicate paii’ of ribs also spring from beneath the ilia, but their 
ha-mapopliyses do not reach the costal borders of the sternum. 

These dorsal vertebra* are almost entirely devoid of metapophyses or 
interlacing spicuhe above. Their articulations are heterocudous, and 
they are iion-pneumatic throughout the series. 

In the jicivis the anterior ends of the ilia are truncate from before 
backward, and their inner margins do not usually meet the neural crest 
of the sacrum, leaving, in consequence, ‘‘ilio neural grooves'’ at their 
sides. Tliese bones are narrow, of nearly an equal width, and concave 
in both directions. Tliey rise over the acetabula, on either side, to 
form small convex areas to the roar and above these cavities. Jlelow 
this the remainder of each ilium, aided by the corresponding ischium, 
form the drooping sides of the pelvis so characteristic of the Petrels 

Each ischium has a posterior process, which, after forming the 
superior boundary to the obturator space, curves downward to become 
an expanded, foot-shaped end, which closes in the aforesaid space by 
having the lower margin of the foot applied to the upper margin of the 
post-pubis. 

The ischiatic foramen is nearly circular and, in common with the ace- 
tabulum, rather small. 

There is no pro-pubis in this Fork-tailed Petrel, and the obturator 
foramen and space, as a rule, form one vacuity. 

Eight c.preading caudal vertebra*, with a quadrilateral pygostyle, 
jnake up the skeleton of the tail. There appear to be many more 
of these segments, as the united uro-sacral vertebra* beyond them seem 
to continue the series so perfectly. This is still more striking in Fid’ 
marus. 

Of the stermnn and pc'^.toral arch . — The fnrcula is of the IJ'Shaped 
variety, and curved l)ack ward toward the sternum, its quadrate hypoclei- 
dium having its lower border usually in contact with the upper border 
of the protruding carinal angle. 

The clavicular limbs are about of an equal width throughout, the 
jiosterior tips of their heads becoming pointed, and in articulation 
meet the scapular heads at their inner angles. The outer aspect of 
each of these heads of the clavicular limbs are modeled so as to form 
an extensive concave facet for the head of the corresponding coracoid. 
This arrangement is not seen in tuc Albatrosses nor Fulmars. 

A coracoid is piincipally notable for its greatl}^ expanded sternal end, 
the outer angle of which is much ju'oduced. 

Its shaft is subcylindi ical and its head tuberous. The scapular proc- 
ess descends upon the inner side of the shaft, but, so far as I can see, 
is not pierced by any foramen, as it is in the Fulmars and Diomedea. 

A sca})uJa is dilated ])osteriorly and truncate after the manner most 
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coiiiiiioii to birds; its bead is rather broad and compressed from above 
downward. 

The entire pectoral arch is non-pneiimatic, in keeping;' willi the most 
of the rest of the skeleton. 

The body of the sternnm in Occanodroma is of a square outline, with 
its postero-lateral angles slightly produced and its xiphoidal border en- 
tire. Above it is concave, being correspondingly convex upon its pec- 
toral aspect. The carina is deep in front and gradually slopes to the 
mid-point of the hinder border of the sternal body. Its angle protrudes 
and its anterior margin is concave. 

Each costal border has six articular facets upon it, and the costal 
processes are triangular in outline and quite prominent. The manu- 
brium is wedge-shaped and small, and the coracoidal grooves nearly or 
quite meet at its base. 

The chief pectoral muscular line starts from a point on the lower lip 
of a coracoidal groove half wa}' between the manubrium and costal 
border, to be produced posteriorly and terminate at tlie junction of 
hinder and middle thirds of the line made by the carina where it joins 
the sternal body. This bone is non -pneumatic. 

Of the appendicular sl^eleton. — When closed in a position of rest the 
bones of the antibrachium rather exceed in length the humerus, and 
both are long for the size of the bird. 

The shaft of the latter bone is subcyliudrical and nearly straight, 
viewed from any aspect. Curling, as it does, far over the pseudo-pneu- 
matic fossa, the ulnar crest forms a prominent feature at the proximal 
end of the bone. Another and smaller fossa, proteeted somewhat in a 
similar manner by the overhanging humeral head, is separated from 
the former by a bony bridge. 

The radial crest is short, but well pronounced, with its free border 
convex. 

At the distal extremity of the humerus we notice a conspicuous ecto- 
condyloid process, and to its inner side at the base of the shaft, beyoud 
the trochlear tubercles, a deep pit. 

The anconal aspect of this extremity is profoundly marked by a me- 
dian tendinal groove. The bone is about 3.5 centimeters long. 

After very careful search at the elbows of all four of these specimens 
of Oeeanodroma furcata I fail to find the slightest trace of anything like 
a sesamoid bone, and the specimens are in a condition, too, that if they 
existed they would more than likely" be there. 

I am aware of the existence of Eeinhardt'S paper upon this subject, 
but it is not at the present writing available to me, and I can not say 
whether he claims to have found these sesamoids in Oeeanodroma or not. 

The shaft of radius is very straight and that of the ulna not much 
bowed, so we have a small interosseous space in this Petrel. 

The skeleton of mauus is long (4.5'^“9 j special re- 

mark beyond the fact that pollex digit does not bear a claw, nor does 
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the distal phalanx of index in the specimens, althoiig'li tlie latter under 
the microscope seems to have a facet there for that purpose. 

The expanded phalanx above this one is not perforated (Fig. 1), as it 
so often is in the Larl(Ui\ The limbs of this skeleton are noiupneiunatic. 

In the pelvic extremity the femur is comparatively short, its average 
length being laF"', the tibio-tarsiis measuring and the tarso-incta- 

tarsus 2.5^’"*. The femoral shaft is cylindrical and slightly arched for- 
ward. Its trochanterian ridge is snp])ressed, being on a level with the 
summit of the bone, while its head is quite sessile and excavated for 
the round ligament. Distally its condyles ai e proportionately devel- 
oped, the outer one being rather the lower of the two. 

Tibio tarsus also has quite a straight and smooth shaft, presenting all 
the characters as commonly seen in the majority of the class. Its own 
special character, however, which its owner seems to hold in common 
with the family, consists in a marked prominence of the procneinial 
ridge over the nearly aborted ectocnemial ridge. Neither of these ex- 
tend for any distance down the shaft, but are, on the contrary, directed 
equally upward and forward in rather a striking manner. 

I have failed to discover the presence of ^patella in this Petrel, but 
from the bict that this sesamoid occurs among the Fulmars— birds with 
a tibia very much like our present subject — 1 think we are justified in 
believing that perha})s a very minute one is to be found in the tendon. 

This latter has been scraped away in every instance by the prepara- 
tor, whereas the tendons at the elbow were allowed to remain. 

fibula is extremely short and delicately constructed, extending 
but a very short distance below its ridge on the side of the other leg- 
bone. 

ITypotarsns of the next segment of this extremity seems to have 
but a single median groove at its posterior aspect for the guidance of 
tendons. This is continued for the entire length of the shaft behind, 
becoming more faintly marked as we descend the bone, while anteri- 
orly this longitudinal groove is strongly marked. 

The first metatarsal is a diminutive bone, attached to the side of the 
main shaft at its usual site by ligament. It has articulating with it 
the ungual joint, the basal one never appearing in these birds. Of the 
distal trochlem the inner one is the most elevated and at the same time 
most posterior. 

The podal joints of the anterior toes are extremely long and delicate, 
but otherwise arranged upon the plan most common to the avian foot. 

BRIEF SUMMARY OF THE OSTEOLOGICAL CHARACTERS OF OCEANO- 

DR03IA FURCATA. 

(1) Superior osseous mandible powerfully hooked; culmen convex; 
nasal holorhinal; lacrymal with long, anterior process, which extends 
forward to the nasal; maxillo-jiigal bar bent at an angle upward to 
meet descending process of lacrymal. 
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(2) F^Uimoid i)eculiarly bulky and pierced by the oHactories. Orota- 
pbyte fossa? lateral; iiiaxillo palatiues do not encroach upon the inter- 
palatine space. As negative characters: Basipterygoid xirocesses not 
X>resent; angle of mandible truncate [no processes); no ramal vacuity. 

(3) Sternal end of coracoid much produced laterally and externally. 
Hypocleidiiim of furcula in contact when articulated with anterior 
margin of carina of the sternum. 

(4) Xiphoidal end of steinum a transveise straight line, neither fen- 
estrated nor notched; carina deep in front, occupies entire length of 
sternal body. 

(5) Humerus possesses an ectocoudyloid process, and is shorter than 
the skeleton of antibraehium. 

(6) Accessory metatarsal is free and articulates with ungual joint of 
hallux, the basal one not appearing. 

The Skeleton in the Fulmars (Fulmar us glacialis rodg- 

ERSll). 

There are but a few unimportant differences between the skeleton of 
Eodgers’ Fulmar and F, glacialis, and I prefer to confine myself to the 
discussion of the former bird in my description of the osteological char- 
acters of those well-known representatives of the order Tubinares, 
Moreover, as they possess not a few characters in common with Ocean- 
odroma, I feel at liberty to make this description rather a comparative 
one than otherwise, as my account of the osteological characters of the 
latter form is quite full; thus my labor will be lessened, and I know the 
result will be of more value and greater use. 

The sipierior mandible in the skull of Rodgers’ Fulmar is large and 
massive; its posterior two-thirds is convex, while a smaller median 
convexity is engrafted upon its anterior end, which is produced down- 
ward in a xiowerful hook. 

The margins are likewise gently convex and cultrate. Each narial 
aperture is sx^iudle-formed and the nasal is of the holorhinal type, its 
two x^i’ocesses being wide and thoroughly iucorx>orated with the sur- 
rounding bones. 

We find the lacrymal constructed upon the same principle as in the 
Fork-tailed Petrel, though the upper margin of the anterior process 
unites with the frontal and nasal above it. Then the xiars x>lana and 
the body of the bone have also merged into each other, leaving us in 
doubt as to the exact locality of the suture. The arrangement of the 
Xiarts at the inner asx>ect of the orbital cavity is as in Oceanodroina, but 
we observe that foramina occurs over the ethmoidal wings, while the 
X)erforation is comparatively larger and, in fact, absorbs all that part of 
the bone entitled to such a name. The maxillo-jugal bar is not bent 
up to meet the lacrymal, and the quadrate is the same as in the Petrels. 

Jutting out XRuminently from the sides each sxdienotic process is of 
a quadrilateral outline, and a ridge upon their posterior aspects divide 
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eitliiT sniinuubitiil .s;1aik1u1:u' d(‘])ies.sion IVoiii tlio corrcspoudiiif'- t;rot;i- 
pliyte lbs.sii. 

liogai-diiifr tliis skull from above, we are to note bow profoiuully it is 
iini)ressed by tbe glandular pits; that tliey do not meet in the median 
line, and, farther, that their position agrees precisely with what we found 
in Ocmnoilromu. A shallow, median groove here marks the skull, the 
remainder of which is smooth and globular. Viewed from behind, the 
peculiar form and position of the deep crotaphytc fossm forces itself 
upon ns, and the jutting sphenotic processes come directly into view. 
Underneath, the skull presents us with many points of interest. 





Fir,. 2. Ivisht lateral view of the skull of Fulmarus glacialis rodgersii, cT. 

Fio, 3, Same form above, mamlihic removeil. Both fi^^iires drawn by the author from specimen 12G13 
of the Smithsonian collection. Life size. 

The superior luamliblo is canoe shaped, with its prow to the front, 
and its deo]) concavity extending to the rear. 

Tlie niaxillo palatines are elliptical disks tilted up as in the Larida\ 
and encroaching for their entire inner margins upon the interpalatine 
space, where they are well separated from and parallel to each other. 

Of extraordinary size, the vomer (Fig. G) in this Fulmar is of an elon- 
gated, cordate form, nearly Hat, being slightly concave abovcj carinated 
in the median line beneath, with its anterior tip somewhat depressed . 
and, linally. meeting the palatines behind as usual, these latter bones 
have to curl to oin‘ side to clear it laterally, for this vomer forms a very 
complete llooi’ to the rhinal chamber without coming in contact with its 
neighbors. 
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Weil over this vomer, in the median line, the rostnim is extended as 
a long’ spienlitbrm process. The anterior ethmoidal margin is shar]), 
but becomes broad as the bone abuts against the region of the cranio* 
facial hinge. Beyond this it is sometimes extended as a semiosseous 
median supero-rhinal septum. 

The palatines are also unusually broad, their postero external angles 
being well rounded off. Laterally they are quite horizontal, but each 
inner margin, just beyond the palatine heads, is turned down for a short 
distance as a prominent inner carinatiou. 

Thoroughly developed hasi pterygoid processt^s meet to articulate with 
others coming from the pterygoid bones themselves. Iluxley found 
those present also in the Giant Fulmar, and I have reason to suspect 
their presence in the Shearwaters {Puffinus), 

In Lodgers’ Fulmar the occipital condyle is hemispherical in form, 
and the outline of the foramen magnum subcircular. 

I regret to say that I can offer nothing upon the hyoid arches of this 
Fulmar, as that part of the skeleton has been lost in all the specimens. 

In the mandible the symphysis is short and sunken between the con- 
vex ramal walls. It protrudes slightly in front as a blunt process. 





Fig. 4. Basal xievr of the slaill of Fnlmarus glaeialis rodgersii ; mandible removed. 

Fig, 5. Mandible of the same sp^’cimcii, viewed from above. 

Fig. 6. The vomer of the same, from abi>ve. All these figures are life size, and drawn by the author 
^rom specimen 12G13 of the Smithsonian collection. 



Both superior and infei ior borders of the bone are rounded and the 
coronoid processes very feebly developed. 

Each surangular is pierced by an elliptical foramen, but the true 
ramal vacuity is covered over by the extended growth of the mandib- 
ular elements. 
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The angles ai e truncate, sligiitly pimlnecil below, and tlic articular 
cups show on their nipper sides at the usual sites the large pneumatic 
foramen on either one. ^Miich of the skull proper is likewise permeated 
by air. 

Of the rertehral column and the rest of axial skeleton , — What I have 
said of the vertebral column of Oceanodroma applies almost exactly to 
the column in this Fulmar; the twenty first vertebra, however, in both 
the common Fuhnanis and F. rodgersii nnchyloi^Qs as the anterior one 
of that series which goes to form the sacrum between the pelvic bones. 

Its ribs in consequence meet a pair of costal ribs below, that in their 
turn articulate with the sternum. 

Itodgers’ Fulmar has the hyapophysial canal of the cervical series 
passing through tlie sixth to the tenth vertebra, inclusive. 

Moreover, in the dorsal region we find this bird differs from the 
Petrel in having fully developed metapophyses linking the outer ends 
of the transverse iirocesses together. 

The eleventh, twelfth, and thirteenth vertebne all have a large, sin- 
gle hypai) 0 ])hysis. This is not so long, and has lateral, basic iirocesses 
in the next two, while through the dorsal series it becomes gradually 
longer, then shortens again, to appear for the last time as a minute point 
on the first sacral. From the second to the fourth, inclusive, the cerv- 
ical vertebne not only have these hypapophyses, but equally well- 
develoi)ed neural spines. The latter gradually disappear in the next 
two, and the arterial canal supplants the former. 

The skeleton of the trunk of Fiilmarus glacial is^ from the S])ecimen 
collected in the ISTorth Atlantic by Ludwig Kumlien in 1877, has been 
allowed to remain nicely articulated, with all the bones in their normal 
positions. In it the st(‘rnum is very short and concave, while the six 
vertebral ribs descend almost directly to reach the costal ones, and 
other particulars are observed iii which it agrees with F. rodgersii, 

Epiplenral appendages which belong to the ribs of this Fulmar an- 
chylos with their borders, and never overlap more than the next suc- 
ceeding rib behind them. 

Occasionally among the vertebrm we will find one that shows a pneu- 
matic foramen, but I believe the ribs are solid, and air does not gain 
access to the interior of an^^ of them. Sometimes in the last pair of 
sacral ribs one or the other may be but feebly developed and not have 
any free luTmai)ophysis to meet it below. Such is the case in the skele- 
ton of Rodgers’ Fulmar before me. 

Kinship with the Albatross unmistakably crops out in the sternum 
of this bird. A glance at the figures is enough to satisfy one of this 
fact. 

In outline the bone is quite'square, and although in some specimens 
the xiphoidal border is, like in the one I figure, jagged to an extent that 
leads us to believe it to be without any regular pattern, I have, never- 
theless, sufficient material before me to prove that the tendency of the 
bone is to become doubl}^ notched. 
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Above, it is very coucave, accompanied of course by a corresponding 
convexity of the pectoral aspect It is upon this latter that we notice 
tliat the nuisciilar line meets the base of the keel at junction of middle 
and anterior third, differing considerably from Oceanodroma in this re- 
spect. 

The carina is deep in front and gradually slopes away to the posterior 
margin. Its anterior border is broad and straight, being deeply grooved 
from above downward. The angle stands out quite prominently and 




Fig. 7. Inferior vie\v of the sternum of Fulmarus glacialis rodgersxi. Life .size. 

Fig. 8. The same hone; right lateral view. 

Fig. 9. Direct anterior aspect of right coracoid and scapula. Same specimen. All life size. Drawn 
by the author from specimen 12C13 of the Smithsonian collection. 



may have its end truncate and thickened. Each costal border is very 
wide from side to side, and supports the six prominent, regularly ar- 
ranged facets for the costal ribs. 

There are no pneumatic foramina to be seen among them. Indeed, 
this is one of the differences between this bone and the sternum of an 
Albatross, which is thoroughly permeated by air cavities. The anterior 
border, between the rather lofty costal processes, is bent forward at an 
angle, the apex of which supports below the trihedral manubrium. 
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OSTEOLOGY OF TUI3IXAUES AND STEGANOPODES. 



Tlie conuioidal 4 >’rooves are ami yliallow, ineetiug- mesiad at the 
inaiiubi’ial base and having* a lip of bone at their externo-iiiferior bor- 
<lers to hold eaeli coracoid in position when articulated. 

As in the sternum just described, tlie elements of i\iQ pectoral arch or 
slmiilder-girdle are non-i)neiunatic, and, in consequence, proi)ortionately 
lieavy. 

The furcnla when articulated diders from that of the Petrel in not 
reaching the anterior border of the sternum. Viewed from in front we 
iind it to be of the jj shaped style, with the limbs of nearly uniform 
caliber throughout. 

In articulation the pointed clavicular heads merely rest against the 
iiinei* aspect of each coracoidal summit, while tlieir tips overla}) the 
antero-median angle of either scapular head. Thus the tcndinal canal 
is comi>letely closed in among the three bones. 

This furcnla has no hypocleidium, but the arch is considerably thick- 
ened at its usual site. 

A coracoid has a large tuberous head, which is bent forward and to- 
ward the mediaji line. The scapular process is very extensive, being 
carried well down upon the antero posteriorly comi)ressed shaft. 1 be- 
lieve it will always bo found to be pierced by the foramen. The cora- 
coid of this Fulmar acquires a very unique form from the extraordinary 
manner in Avhich the infero lateral angle of its sternal extremity is pro- 
duced. This is even more striking than we found it in the Petrel. 

The head of a scapula is broad transversely and somewhat compressed 
from above downward. It offers about the usual amount of articular 
surface for the glenoid cavity, and when in situ its anterior border occu- 
pies the entire superior line of the scapular process of the corresponding 
coracoid. 

The blade of the bone is comi)aratively short and gently arches over 
the ribs in the usual manner. Its anterior two-thirds is narrow and 
thickened, while its hinder extremity is slightly dilated and its tip 
rounded off. 

These characters of the shoulder-girdle, as I have given them, agree 
in the five or six siiecimens before me, and I have intentionally omitted 
any slight deviation due to individual peculiarity. 

Of the pelvis and caudal veriebrw . — As alread}^ mentioned above, the 
anterior vertebra of the ])elvic sacrum extends beyond the iliac bones 
(Figs. 10 and ]1), and its neural spine is indistingnishably anchylosed 
with that of the next one behind it, and so on to a point opposite the 
acetabula^, where this neural crest is suppressed, and the rim that sur- 
mounts it for its entire length merges into the llattened neural arches 
of the next tlnee or fom* vertebr:e. Both at this point, and still more 
so behind, these sacral vertebra* are unusually" \vell individualized, so 
that the skeleton of the tail seems to really begin between the cotyloid 
cavities. Usually, however, (deven or twelve are anchylosed in the 
‘^sacrunP^ and eight or nine are free and constitute the tail, in addition 
to the terminal ])ygostyle. 
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As a rule the interior portion of eacli ilium is depressed below the 
neural crest of the united sacral vertebra", having ‘Mlio-neural” canals to 
their inner sides. Each anterior iliac border is truncate, thin, faintly 
emargiuated, and sometimes unevenly serrated, while the blade of the 
bone is concave from before backward, as well as from side to side, and 
contracts slightly before reaching the cotyloid cavity. 

Upon the under sides six vertebra3 throw out their processes against 
them, and both pairs of sacral ribs may become anchylosed, though 
usually the anterior pair remain free, connecting with the sternum by 
costal ribs. 

The seventh vertebra of the sacrum is the only one where the lateral 
apophyses are reduced. It is immediately opposite the acetabula. 

From the eighth, inclusive, and on, however, the plenr- and par- 
apophyses regularly graduate into the form they assume in the true 
caudals, their processes being very nearly of an ecpial length and their 
extremities abutting against the free inner margins of the ilia. 

So really, from an under view, the sacral and caudal series of verte- 
bra) have all the appearance of a gradually modified chain of bones from 
the last dorsal; in short, a tail with the pelvic bones simply pressed 
against its sides to become anchylosed there. 

The post acetabular area of either ilium is very narrow and gradually 
becomes reduced to a point behind, the surfaces turning toward each 
other as we ])roceed in that direction, being bounded externally by a 
I'aised border. This latter extends between the apex of each autitro- 
chanter to the aforesaid point behind, where the ilia terminate posteri- 
orly on either side. 

From this line and downward the sides of the pelvis are formed be- 
hind by the remainder of each ilium, an ischium and a post-pubis. 




Fig, 10. Left lateral view of the pelvis anti coccygeal vertebrae of Fidmarus glacialis rodgersii, d . 
size. By the author. (Specimen 12G13, Smithsonian collection.) 



Lifo 



These surfaces look almost directly outward and only slightly upward. 
Each presents for our inspection the large subelliptical ischiatic foramen, 
the cotyloid cavity, and anti trochanter; and the obturator foramen, 
which here has almost entirely merged into the extensive and long, oval 
obturator space, closed in behind, as in the Petrels, by the peculiarly 
formed foot-like process of the hinder end of the ischium. 
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the fiiiutest trace* of a j)! o piibis is seen in the t)elvisof tliis Ful- 
mar, while tlie post-pubis is narrow, nearly straight, slightly expanded 
behind where its upper edge meets the aforesaid process of the ischium, 

beyond which it soon terminates in a square- 
ent end that in life is produced in a cartilage 
of an equal width for a short distance farther. 

The caudal vertebrw are all supplied with 
clicvron bones, except the first two or three 
anterior ones. They become progr essively 
larger from before backward, and are all 
bifid, being profoundly cleft in an antero- 
posterior direction. This is continued to the 
lower angle of the pygostyle, where it is rep- 
resented in most specimens by a notch. 

These chevron bones are anchylosed to the 
vertebra) over which the}' stand, and their 
bases are produced in front so as to encroacli 
slightly upon the segment next in front ot‘ 
them, when the series is articulated in situ. 

The pygostyle is a large quadrate bone, 
with sharpened anterior border, but thick- 
ened behind. A clean, circular foramen is 
genei ally to be found at its infero-posterior 
angle, indicating the point of union of the 
two anterior vertebra? that compose this com- 
pound bone, it being a vacuity between their 
chevron bones. 

T ifi. II. Tl... pelvi.s of Fulmarns nMeton.—^\Q fiu(l tliat 

se en from above. botll tllC pCCtoral aiul pclvic limbs iu the 
Same j^i»ecimcn as fihowu in Fin. 10. -n i i i • 

Life size, liy tbe author. 1 uliiiars are noii-pneumatic, aiut much ani- 

mal matter is contained in the large cavities 
of the long bones composing them. 

When the skeleton of the pectoral limb is closed alongside the body 
in situ the bones of the antibraehium are but very slightly in advance 
of the humei’us, the ulna being nearly of a length with that bone and the 
radius slightly longer. 

The shafts of these long bones are all notably straight, that of tlie 
humerus being snbeylindrical on section and showing scarcely any cur- 
vature viewed from either aspect. 

The Iiead of the humerus is fashioned as we found it in the Petrels, 
but the radial crest is more prominent and of a triangular form. Its 
distal extremity siqiports a large ectocondyloid process, between which 
and the optJosite border, on tlie palmar aspect, a conspicuous concavity 
cxi.sts, as described for Occanodroma. 

Kodgers’ Fulmar, as tar as I can learn from the excellent material 
before me, is devoid of any such thing as sesamoids about the elbow- 
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joiuf, aiul this of course applies to the common Fulmar, of which there 
is an excellent ligamentous skeleton at hand. 

The shaft of the ulna shows faintly the row of osseous papilhe for the 
quill-butts of the secondaries. So straight is the shaft of the radius that 
scarcely any interosseous space occurs between these autibrachial bones; 
such as it is, however, is long and narrow, extending between the shafts 
for their full length. 

Carpus is composed of the two usual segments, and carj^o-metacarpus 
is formed much as we find it in the Larida\ Pollex phalanx and the 
distal phalanx of the index are slender and subtrihedral and both strik- 
ingly long. 

The expanded portion of the proximal joint of index digit is not per- 
forated, as in many Gulls, and the small joint next to it is about half as 
long. 

Excepting the great difference in size the pelvic limb of this Fulmar 
nearly agrees with the pelvic limb of Occanodroma. We observe that 
the head of the femur is very much scoopedout for the ligamentuum teres 
and that the muscular lines mark its shaft pretty well. The patella 
and oddly-shaped head of tibio-tarsus I have already figured elsewhere. 
(Proc. U. S. Xat. Mus., 1883, Yol. vr, p. 329, Fig. 5.) I know of no bird 
where the suppression of the ectocuemial ridge at the proximal end 
of the bone and the high development of the procuemial ridge is better 
shown. 

^\\Q fibula is almost thread-like below its middle articulation with the 
greater leg-bone, and its lower extremity anchyloses with its shaft. 

In the iarso-metatarsus the hypotarsus is doubly grooved behind, but 
otherwise the arrangement of the accessory metatarsal and podal digits 
is essentially the same as described for the Petrels. 

OSTEOLOGICAL POINTS WHEREIN OCEANODROMA FURCATA AND FUL- 
MARUS GLACIALIS RODGERSII DIFFER. 

1. Oceanodroma , — Maxillo jugal bar bent upward at an angle to meet 
the descending process of lacryinal. 

1. Fulmarus, — Maxillo-jugal bar nearly straight. 

2. Oceanodroma , — Grotaphyte fossm lateral, feebly impressed, not pro- 
duced to meet the occipital prominence behind. 

2. Fulmarns . — Grotaphyte fossm extended to the posterior aspect and 
upon the occipital prominence; deeply impressed, 

3. Oceanodroma, — Maxillo-palatines do not encroach upon the inter- 
palatine space. Yomer long and narrow, hinder half concave above, 
correspondingly convex below and longitudinally grooved; anterior 
half cariuated below, pointed in front and its concavity above continu- 
ous with that of the posterior half. 

3. Fulmarus, — Maxillo-palatines do encroach upon the interpalatine 
space. Yomer very large, nearly flat, broad, and general outline elongo- 
cordate. 

4. Oceanodroma, — Basi-pterygoid processes entirely absent. 
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4. Basi-pteryg'oid processes present aiul thoroughly devel- 

oped, artieiihiling witli pterygoids. 

A. Occanodroma.—Auimov tip ot mandibular sympliysis at the inter- 
seelion of the right lines forming the inferior ramal borders. Surangii- 
lar entire. 

T). Fulmanis,—Auter\ov tip of mandibular symph^^sis produced di- 
leetly with its protruding process squarely cut across. Surangular 
pierced by a foramen. 

(I. Occ(inodroma.—T\yQnix^f\vst vertebra of the spinal column free. 
Xiphoidal extremity of sternum entire, its hinder border a transverse, 
straight line. 

0. Twenty-lirst vertebra of the spinal column anchyloses 

with the pelvic sacrum. Xiphoidal end of sternum not entire, its hinder 
border jagged with an evident predisposition to become two-notched. 

NOTES rroN sPEonrEN no. 3018, supposed to be a skull of 

rUFFINUS TENUIROSTPtlS, AND OTHER 3IATERIAL. 

It will be iin])ossible for me to state positively as to what manner of 
bird the skull Xo. 3018 of the tabulated list of material belonged, but 
there is some reason to believe it to be that of a Shearwater. It is 
evidently a si)ecimen that has been picked up on the beach, and was col- 
lected by Trofessor Dali at Oonalaska. Its basal points have been 
much broken and all the small free bones lost. As I have already said, 
my measurements of the speciineii lead me to think that it is the skull 
of tenuirostris and from an adult bird. 

The superior mandible is upon tlie same type as FidmaniSj though 
much modified. The supraorbital glandular depressions meet for a 
short distance in the median line. 

The base of the orbit and surrounding parts are much as we find them 
in the Petrels and PTilmars, but the 0 ])tic foramen and the foramen in 
the interorbital septum have run into one. Basipfcnjgoidal facets are 
present at the base of the rostrum, 

Tlie crotaphyte fossm are broad and deep, and meet the sides of tlie 
supraoccipital prominence, to be produced to some extent from either 
side upon its dome. 

The foramen magnum is unusually large. 

In Fu (linns major the pectoral arch and sternum has the general form 
of the like ])urts in Fubnarus rodfjersii, but ditfers from them in having 
the fureula meet the carina of the sternum when articulated in life; in 
having tlie sternum a pneumatic bone, as in the Albatrosses ; in tlie 
sternal body being comparatively longer ; and in having its xiphoidal 
border two- notched and convex forward. 

. OnSERYATIONS UPON THE OSTEOLOGY OF DIOMEDEA ALBATRUS. 

Allhongil made largely upon the characters tiresented by tlie osseous 
]>ai ts of the roof of their mouths, Huxley’s remark, in his Classilication 
of Bii’ds, that the J^roveUariidw were aberrant forms and inclined to 
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Fig. 12. Skull of Diomodea alhatrits, viewed from above, With mandible removed. Drawn by tbo author 
from an Alat*kau specimen presented him b}’ Dr. T. II. Bean. Slightly reduced. 
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wjml tlie relieans and Cormorants, when we come to compare the skulls 
of the various forms referred to by tiiat writer this statement will be 
seen to liave a large measure of truth in it. The points he calls atten- 
tion to arc very well shown in the figures he presents us in Ids well- 
known paper of rvocdlaria (jifjantca and J)wmcdea exuJans (P. Z. S., 
1807, ]). -131, Figs. 12 and 13). 

In this particular instance I believe that tliis opinion of Professor 
Huxley will some day bo verified, or just so soon as we become better 
acquainted with the entire structure of a number of the forms now sup. 
posed to be related. Anatomists have amply demonstrated during the 
past few years that this single character — the condition of the bones at 
the roof of the mouth — can not invariably be relied upon, and we must 
always look into and compare other structures if we wish to correctly 
judge of the true affinities of birds. The teachings of the law of evolu- 
tion call for this above everything else that I know of, as we there learn 
how one such chai*aeter may be retained while mau}^ others in the same 
organization may go on varying for ages. 

In tlic skull of the Albatross we see the Pelican in its i)osterior view ; 
we sec the Petrel ; we see the Cormorant and Gannet foreshadowed in 
its palatines; we see the Fulmar, and we catch glimpses of the Gull; 
yet how hard it would be to put your linger upon the predominant type. 

Upon lateral view we have the powerful suiierior mandible, with its 
terminal, decurved, and massive hook. Its culmeu is roundly convex 
and its dentary borders are cultrate, the dentary ])rocesscs behind being 
thrown down from beneath these lateral edges to meet the palatines 
below them and to their inner sides. Each nasal has been thoroughly 
absorbed in the adult, robbed of its individuality, and made to fulfill its 
liart in the creation of this form of skull. 

Xo nasal septum is present, and the bony nostrils are comparatively 
small and quite ellii>tical in outline. From the anterior arc of each, 
upon the lateral aspect of this upper mandible, either side, a shallow, 
longitudinal groove is carried forward, to merge into the dentary edge 
at the commencement of the mandibular hook. A lacrymal is a highly 
pneumatic, freely articulated, bone, its descending iiroeess meeting the 
straight maxillo-jugal bar, and its postero external jirocess above being 
rounded. Its inner border articulates with both the frontal and nasal, 
here indistinguishable^ merged together. 

An ethmoidal wing is not very powerfully developed and does not 
meet the laerymal, as it does so extensively in the Fulmars and 
Petrels. 

All the walls of the upper half of the orbit conspire to render it a 
hemiglobular cavity, the bottom of which is pierced by a considerable 
foramen leading to the opposite orbit. 

The tract of the olfactory nerve is nearly, quite in some specimens, 
bridged over by the extension of the concave anterior wall of the brain- 
ease. The 0 ]>tic foramen is small, circular, and usually distinct. 
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Fig. 13. Kight lateral view of the slxull of DiomccZm alhatrus. Drawn by the .anthor from the same 
specimen shown in Fig. 12. Amount of reduction the same. The letters o. l.p. show the position of 
the ''ossiculum lacrymo-imlatinum" in situ from this asi>ect. 

Proc. F. JM. 88 18 ‘ 
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Profuiulity of the orbit is much enhanced by the enormous post- 
frontal wings in this Albatross, and these are formed precisely in the 
same way as we fount! them to be in the Puffins, only here the base of 
the latter half of the nasal pit remains. 

Tlie crotaphyte fossa is nearly entirely lateral. It is broad, though 
feebly impressed, and separated as usual from the nasal ghuulular de- 
pression on the posterior aspect of the spheuotic process by a narrow 
isthmus of the general superficies of the cranial vault. 

Each quadrate is a large, powerful bone, built upon the same plan, 
in so ffir as its facets are concerned, as we saw in the Fulmar and 
Petrel. In this Short- tailed Albatross, however, it is completely pneu- 
matic, and a large foramen opens upon its posterior aspect. 

Extremely interesting are the osseous openings to the internal ear, and 
the deep pit to the inner side of the mastoidal head of the quadrate, which 
would well repay thorough comparison with similar formations in the 
skull of the Sida. 

A triangular, bony wing protects the foramen ovale in front, and 
a pneumatic foramen may pierce the skull in its neighborhood. 

Viewed from above, we are enabled to see the furrows leading for- 
ward from the external narial apertures, the broad convexity between 
these latter and the cranio-facial region, where we can still see the 
traces of the nasal processes of the premaxillary. 

Laterally are the lacrymals, with their sutures plainly visible con- 
necting them with the naso-frontal margins. 

I'osterior to these we have the most striking features of this aspect 
of the skull; these are the supraorbital glandular depressions. 

I know of no bird where these are better marked than in this Alba- 
tross, they being profoundly excavated and of a definite reniform out- 
line. Their convex surfaces are opposite each other, and separated by 
a frouto-median tract of some width. Each base is deficient in bone 
for a little less than its anterior half, while behind they bear the im- 
press of the convolutions of the glands they lodge in life, and are per- 
forated by a few small foramina. 

To the rear of these pits the vault of the skull is broadly’ convex and 
presents at either side the upper views of the post-frontals and crota- 
phyte fossae 

In the skull of an undetermined species of Albatross (Xo. 1G73S of the 
List) 1 notice that quite a perfect septum narium exists; a platform of 
bone extending between the lower margins of the external openings of 
the nostrils forms its base, while the septum is reared in the median 
lino and has a small perforation in its center. 

This si)ecimen has also a broad front to its mesethmoid, which termi- 
nates in a transverse line at the cranio-facial hinge. Just beyond this 
a thin, triangular plate of bone is applied. The base of the triangle is 
also in the line of the cranio-facial hinge, though separated from the 
mesethmoid. Anteriorly its a})ex is produced to merge into the septum 
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narium in tlie median plane. This arrangement is exactly what we 
found in some of the Anks, though, of course, !uodeled to accommodate 
itself to the differently proportioned parts, and the nasal septum is also 
absent in the latter. 

The cranio-facial hinge, then, in the Albatross is a very free one, 
though not so much so as we find it in Sida. 

A direct basal view (Fig. 14) of the skull of Diomcdca alhatrus pre- 
sents us from before backward the following points for examination : 
(1) The anterior half of the superior mandible is canoe-shaped, the 
prominent hook taking the place of the prow. (2) The largely de- 
veloped palatines are considerably below the maxillo jugal bars; an- 
teriorly they are carried forward as prominent and parallel ridges with- 
in the dentary borders of the premaxillary to subside on the inner sides 
of the canoe-shaped portion beyond. (3) The postero external angles of 
the palatines are imunded, the ‘^external laminm*^ being sharp, while 
the ‘Mnternal lamime’’ are thickened and rather conspicuous cariua- 
tious. (4) Between these latter an oval interspace occurs, which is 
carried forward as a deep median cleft as far as, or rather farther than, 
the point where the anterior ridges of the palatines described above 
subside upon the sides of the premaxillary. (5) At about the middle 
point in this cleft a small oval plate of bone makes its appearance; this 
is the foot of the anterior end of the large deciirved vomer of this Alba- 
tross. (6) short distance posterior to this appear two slit-like marks, 
one on either side, their free ends being behind and close to the pala- 
tine bones; these are the inferior arcs of the maxillo-palatines. (7) The 
pter^’goids are strong, straight bones, their lower aspects being rounded, 
their upper ones longitudinally sharp-crested ; their heads and the pala- 
tine heads all meet to form upon their upper side a deep groove for the 
rostrum. (8) A consideiTible portion of this latter may be seen between 
this articulation and the basi temporal region in the median line. (9) The 
Eustachian tubes are open, naked grooves. (10) The basi-temporal 
triangular area is quite as much contracted as we find it in Siila or 
Pdecanus. (11) The condyle is rather elevated and transversely ellip- 
tical. (12) The foramen magnum is large, broadly elliptical, with its 
major axis, like FcJecanus and Sula, in the median line. It is at the 
base of a notable convexity which occupies all the area posterior to the 
basi-temporal region and extending from side to side between the mas- 
toidal prominence. 

The periphery of the foramen magnum lies in a plane which makes an 
angle of 45 degrees with the plane of the basis cranii. 

In addition to these principal characters, we must also notice that the 
inner facets on the mandibular feet of the quadrates are the lower, and 
are about in the same plane with the lower margins of the internal 
lamime of the palatines. 

Beturniiig for the moment to these latter bones, we find that their 
“ascending processes” are lofty and handsomely curled about the an- 
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Fic. 14 




. Dasal view of the skull of JJiomcdca albatrus; maiuliblo removed, lly llie author from the 
same specimen as shown in I- and 13; reduction the same. 
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terior portion of the united iiiesetbinoid nud rostrum. Their inner 
lainime are produced forward to anehylose with the limbs of the vomer. 

This latter bone is quite an extraordinary structure in an Albatross, 
and differs not a little in the various species. To get at its exact shape 
and relations to the surrounding structures I found that I was obliged 
to cut away certain portions of a spare skull and remove it, together 
with the pterygoids and mutilated parts of the palatines. From this 
specimen I made the drawings presented in Figs. IG and 17. 

Viewing this from above, we find that all three bones contribute cer- 
tain of their parts to form a deeply excavated, longitudinal groove that 
extends the entire length of the structure. During life the spear-shaped 
rostrum rides in this, occupying, however, but the hinder two thirds of 
the channel. Seen from the side, we find that the vomerine portion of 
this rostral bed is continued downward and forward as a median cari- 
nation, which anteriorly curves down between the maxillo-palatines, to 
have its apex finished off in a little foot-like process which appears, as 
above described, in the interpalatine cleft. 




Fig. 15. Posterior vie^v” of the skull of Diomedea hrachyura; mandible removed; life size. By the 
author from same specimen as Figs, 12 et seq. 

In the undiagnosed skull of an Albatross (No. 1G738) the pterygoids 
and palatines behave in the same way as in the Short-tailed variety, 
but the vomer shows no mid channel beyond the end of the sphenoidal 
rostrum, is fully double the width of the other, and rather reminds us 
of the extraordinary vomer of Eodgers’ Fulmar. Anteriorly, however, 
its tip is carried down to appear in the inter-palatine cleft, as in 7>. 
aJbatrus. Forbes figures a vomer similar to this for I), exnlcms in his 
Challenger memoir. 

The maxillo-palatines are large, compact, elliptical plates. They stand 
but a few degrees removed from the vertical plane, each facing outward 
and slightly downward. Upon a lateral view the mandibular side 
nearly shuts this bone out of sight, and it is only in certain positions 
that we can secure a good look at it. The surface next the median 
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])laiif is smooth nud but sli^hlly convex, \vliilo the ontei' as])cct has a 
rather spongy interlacement of bony ti*al>ecuhe thrown up ngainst it, 
developed on the part of the maxillary, premaxillary, and nasal, which 
most effectively act as its main supports. 

In two of my specimens 1 find a small, delicate rod of bone attached 
by ligament to the npi)er aspect of the palatine body immediately be- 
neath the ethmoidal wing. These ligaments hold it in an upright ])o- 
sition, and its superior and stouter end is bent toward the median 
plane j from tliis extremity, also, ligaments are attached which ])ass to 
the inferior border of the pars-plana and perhaps across to the descend- 
ing process of the lacrymal. This little bone 1 take to be the os unci- 
natnm of other anatomists, and said by them to occur both in the 
Albatrosses and Gulls. It seems to ifiay no other ])art in the bird’s 
economy other than to aflbrd additional support to the membranous 
wall thatformsthe lower halfof the ])artition between the orbital cavit^^ 
and the ihinal chamber. 

As 1 have elsewhere stated, I have found this bone in but few other 
birds than this Albatross, one of the specimens of which, Biomcdca alba^ 
fn(Sy has it in a very perfect condition on both sides. 

It has been my misfortune, too, not to have seen Professor Itein- 
hardfs pa])er upon this subject and his figures showing its j)osition in 
other birds. Whether the os micinatum is a constant ossification or 
not 1113 ' material is not siiflicieiitl.y extensive for me to say. 

Professor Parker also states that he has discovered its presence in 
the Gull, but 1 have been unable to confirm this, although 1 have care- 
fully examined many excellent specimens, with their ligaments still in- 
tact, of Larus c/htucus^ L. iMladeJphia^ Eissa^ and others. This is what 
makes me think that i)erhaps it ma}^ not be a constant ossification, or 
])erhaps occurs onl^^ in old birds and not in immature specimens. Forbes 
says of this ossification that, ^Mn connection with the descending limb 
of the lacrymal bone, there is often developed a peculiar ossicle, named 
hy Brandt, who was the first to describe its existence, in Biomcdca 
hracliyiira [cdhafrus] and FuJJimis major, the ‘ossiculum lachrymo-pala- 
tinum,’ from its connection with those two bones. 

“Its nature and relations in the group have subsequently^ been more 
extensively invT^stigated by Peinhardt, who calls it the ‘os crochu.’ 

‘‘When best developed, as in the Albatrosses, the ossiculum lacrymo- 
palalinum is a small styliform ossicle of nearly^ cylindrical (as in Thai 
assiarche culmiuaia [(^11. Scientif. Alem., PI. xxi. Fig. 7]) or somewhat 
lamellar {Fhccbctria fuVufinosa [Coll. Scientif. Mem., PI. xxi, Fig. 8 ]) shape, 
attached al)ove by an aiticnlation to the inner face of the descend- 
ing limb of the lachrynnal bone, and below connected by a ligament to 
the npi)er surface of the palatine bone. Seen from the side, in the dried 
skull [his PI. XXII, Fig. 1], the bone is visible below the malar arch. It 
lies, in the recent state, in a cavity between the nose and the roof of 
the niouih, in an obli(]ue ])Osition, pointing downward and inward. This 
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bone is present in all the genera and species of Albatrosses examined 
by me, as well as in Thalasskivche clilororhyneha^ as mentioned by Kein- 
hardt. In the Oeeanitidw, in Proeellaria^ and Cymochorca, as well as 
Baption and Fagodroma, its place is taken by a narrow ligament, with 
a small, more or less ossified nodide of bone lying in it, oidy connected 
by connective tissue with the surrounding bones. In AcpeieSj Prlon^ 
PuffimiSj Majaqueusj AdamastoTy and (Estrelaia it is small and delicate, 
articulating with the lacrymal above and ending freely (in the cleaned 
skull) below. 

^‘It is interesting to observe that a very similar bone, both as regards 
shape and position, occurs in the genim Fregataj as already pointed out 
by Eeinhardt, whose observation I have been able to verify. But it 
also occurs in forms so different from these, as the MuHophagldcVj many 
CuculidiVy Chungdy and Cariamay as well as in some Laridw and Alcldcv, 
so that its presence is obviously of no particular taxonomic value. Pro-’ 
lessor Parker informs me that its precise morphological significance is 
at present rather uncertain.’’ (Coll. Scientif. Mem., p. 415.) 

So prominent and jutting are the bony chambers which contain the 
organ of hearing upon the internal lateral aspects of the cranial cavity 
that the oval fossa, which harbors the hind brain in life, is far deeper 
than we would have any reason to suspect from an inspection of the 
posterior external view of the skull alone. This applies almost with 
equal truth to the fossm lodging the other lobes. 

The usual arterial and nervous foramina open here in nearly the same 
])ositions as we find them in birds generally. 



Fig. 16 . 




Fig. 16.^ Left lateral view of vomer, pterygoid, .and part of palatine oiDlomedca albatrus. 

Fig. 17. The same hones viewed from above; r, vomer; pU palatine (broken away in front); pt^ 
pterygoid. Both figures life size. By the author, from another specimen lu’cseuted him by Ur. T. II. 
Beau. The little foot on the anterior end of the vomer makes its .appearance in the median cleft just 
beyond the maxillo-palatiiies, as seen in Fig. 14. 
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The pituitary lo^^sa is deep and its posterior wall entire. There seems 
to be two carotid opeiiiii-s at its base, but the^^ are very close together, 
and r would not be surprised to find them united in one in some speci- 
mens. The door of tliis cranial cavity is a circular convexity, bounded 
on the sides by the bony wall of the middle ear, in front by the broad 
])osterior wall of the pituitary fossa, while behind, after a low descent, 
it opens out upon the Hat upper surbice of the occipital condyle. In 
front of tlie iiituitary pit we lind a considerable of a partition separating 
the two distinct and circular optic foramina, each opening into an orbital 
cavity. Above these tliere is a nearly horizontal shelf, which supports 
the rhiiiencephalon, and at its anterior apex the hinder edge of the 
median etliinoid is visible, which guides each olfactory into its covered 
passage beyond. Considerable diploic tissue is found between the 
tables of the vault of the cranium in this Albatross, and the skull as a 
whole seems to be pretty well permeated by air. 

The scicrotals of an eyeball are comparatively small plates, with 
irregularly serrated margins. They differ somewhat in their general 
outline, and there seems to be no fixed plan as to the method in which 
they shall overlap each other. 

The symphysial extremity of the mandible (Fig. 19) is formed very 
much as it is in the Petrel, and evidently constructed upon the same 
plan. Its symphysis proper is exceedingly short and the superior ex- 
cavation deep. 

Old Albatrosses have a median process co-ossified upon the under 
side of this with the bone. It is eiisheathed in the horny integument of 
the bill, receiving a separate piece to cover it in'that situation. The 
process itself is sometimes long and sharp, directed backward in the 
anterior rainal angle. It will be remembered that a somewhat similar 
structure was found in some of the Herons. 

The shape of the mandible as a whole in this Albatross is precisely 
like the capital letter V? in the Petrels. 

Each ramus is deeper behind than it is in front, the transition being 
gradual, and lies principally in the vertical plane when the bird stands 
Avith his beak to the front. 

The borders for nearly their entire length are rounded, the superior 
symphysial one alone being sharpened, and the coroiioid process is but 
feebly pronounced. Both inner and outer aspect is for the most part 
smooth; the former for its anterior two-thirds is marked by a longi- 
tudinal, thickened ridge, while the latter shows many branching rami- 
fications sunken below the general surface, and foramina, arranged in 
two rows, are carried to its anterior end. 

The surangular is usually pierced by one or two small foramina in the 
same place as the}" ap]>ear in other water birds, where I have described 
them, though commonly 011 I 3 " one is seen. 

Albatrosses, in common with Auks, Gulls, Guillemots, and others, 
have a fan-shaped process developed by the surangular, which remains 
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more or less distinct tbrougbout' life. It is seen reacbiug forward on 
the inner aspect of tbe bone, and seems to be principally designed to 
bold tbe splenial element in place, m bieb latter in Diomedea may or may 
not completely occlude tbe true rainal yacuity. Quite a fossa is some- 
times found posterior to tbe blade of this fan-shaped process in birds 
where its handle is more or less individualized. 

These mandibular elements, for flat bones, interlock and cross each 
other in tbe most remarkable way in the neighborhood of this foramen, 
and their study in all biixk is a very interesting one. 

The articular cups are very deep at their centers above, culminating 
in pneumatic pits; the usual circular foramen is also found near the 
end of the stumpy inner process of this part. 

The facets and their arrangement are well shown in Fig. 18 and 
should be compared with others pre- 
sented, as Sula^ Fdecanus^ and the 
Gulls. 

Posteriorly the hind end of either 
mandibular limb presents a vertical 
face, and the angle is drawn down 
below in a somewhat tuberous, tri- 
hedral lu’ocess. 

Only about the proximal third of 
either ramus seems to be pneumatic; 
the rest of the bone is dense and 
solid. 

Of ilie h yoid arches. — It will be seen 
from Fig. 20 that these do not very 
thoroughly develop in an Albatross. 

Tbe glossohyal and ceratohyals never 
develop in bone, but are represented 
in cartilage even in very old birds 
(D. albatrus), and always remain so. 

A strong antero-median inocess is 
developed on the inferior aspect of 
the first basibranchial, which offers 

upon its anterior face the articular fiicet for the cartilaginous glossohyal. 

The body of this basibranchial is subcircular in outline, thick through 
and through, and co ossifies with the median spine-like second basi- 
branchial behind. This latter, like the epibrauchial, is finished olf by 
a cartilaginous tip. 

Articular pits are found, one on either side of the first basibranchial 
for the heads of the long, slender, rod-like ceratobrauchials. These 
articulate directly with the short ei)ibranchials, and these are but 
slightly curved upward behind, as we find them in so many other birds. 

Of the sternum and pectoral arch. — It would be impossible to convey 
any idea, by means of a drawing alone, of the extreme lightness of this 




18 . 




Fig. 18. Articular extremity of riglitramus of 
mandible of Diomedea dlhatrus; viewed from 
above. 

Fig. 19. Anterior portion of mandible, from 
above ; same specimen. Both life size. By tbe 
author, from tbe same specimen shown in Fi". 13. 
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bone in an Albaiioss. Indeed, (Vom tlui jignres (21 and 22) 1 think one 
would be rather led to believe that.this sternnin was a thick and heavy 
one, so massive and ])onderous ai)t)ear all its anterior parts. But not 
only these, but all its walls, wherever they will admit of it, are abso- 
lutely lioney-combed with pneumatic cavities. All that bulging prom- 
ontory in front of the bone is in exactly the same condition. 

Tlie foramina leading to these cavities from without arc very numer- 
ous, ami occur in groups in several localities. Chief among these is a 
long, irregular, scattered row of them adowii the entire median furrow 

of the visceral aspect of the sternal 
body. Collections of others are found 
up on the sides of the body on the 
same surface; some of these latter may 
even perforate the bone. 

The principal entrances to the sides, 
however, are through the collections of 
apertures found at the bases of the in- 
ter-articular fossae upon the costal bor- 
ders. Sometimes these are so large 
that we may obtain a view of the inside 
and ])lainly see the osseous trabecuhe 
thrown across in various directions to 
support the pectoral and visceral stcr- 
walls. 

Viewing this sternum from in front, 
wo notice a deep and broad median 
notch, which is concave from side to 
side, and whose lateral walls on their 
outer aspects are devoted to the upper 
portions of the articular facets for the 
coracoids. This notch is shut out of 
sight from either a direct lateral view 
or a view from above. Lower down 
and at the sides we lind the remainders 
of tlie coracoidal facets. These nearly 
meet behind the small manubrium; 
then slope dowmvard and outward. 
They are concave in the vertical direc- 
tion, but nearly straight the other way, 
and they connect with the others spoken 
of above at the upper sides of their in- 
ner ends. 

Anotlicr facet is devoted to tlie coracoid upon the sternum of Diome- 
dca. This is far removed from the first one, being concealed behind a 
lip of bone at the outer aspect and at the base of either costal process. 
This articular notch retains the end of the outer angle of the sternal 
end of the corncoid in jilai^e when the arcli is articulated as in life. 




Fio. 20. ITyoul arches of Diomedca alba- 
trus; viewed from above; life size. From 
tliosamo specimen as Fi". 13. 
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TIh'sc vsliiddiiig li])s of bone arc* \vell seen upon llie pectoral vi(*\v <»f 
the sterinini shown in Fig. lU). 

A lateral view (Fig. 2i) shows the spreading costal process; tlie 
wide costal border below it, with the foramina between the hminapoph* 
3 ^sial facets; the smooth ami convex sternal body, and the thick and 
fairly' well-developed carina. 




Fig. 21. Right I.'iteral view of sternum of Dlomedea alhatrus ; life size. By the author, from speci- 
men 3333 of the Smithsonian collection. 



The anterior border of this latter is concave forward, while its inferior 
one is nearly’ straight and stops short of the xiphoidal end of the body. 
The carinal angle juts out quite prominently and is thick through and 
through, the inferior border being produced and expanded upon it. 

Kegarding it from a pectoral aspect, we find the general outline of the 
bone to be nearly square, with its hinder margin exhibiting one deep 
notch, with the convex side forward and the postero lateral angles 
rounded. Analyzing this, however, we see that each postero lateral 
])ortion is made up of one large siibcordate process, due to the great 
median notch above alluded to, and shallow concave notches, which 
occur, one on either side, just behind the costal borders, and a median 
xiphoidal pair, one on either side of the ]n'odiiced middle part of the 
bone. 

This sternum of the Albatross differs iirincipall^- from the sternum 
in Eodgers’ Fulmar in its being pneumatic, its method of articulation 
with the coracoids, and the form assumed b}^ its xiphoidal border. Fuf^ 
finus difiers from botli of them in having its xiphoidal border distinctly' 
and iirofoundly two-notched, agreeing in this respect with most of the 
Jaegers and Gulls. 



2S1- nSTKOLOGY OF TUI5INAUKS AND STEOANOPODFS. 

The nhoul(lcr-(/irdle (hiy. i!3), due to the spreiidiiig lurcnla, is very 
wide from side to side, iiiul, duo to the short coracoids, is rather squatty 
ill ai»pearaiice. The fiircula is duo of tlie broadest among living birds, 




Fig. 22. Pectoral aspect of the sternum of Diomedea alhatrus; life size. By the author, from specimen 

3333, Smithsonian collection. 

tbe sballowiiess of its |J almost equaling that of the extinct Jlesperor- 
7iis. Each clavicular limb is, compared with tbe other elements of the 
arch, slender, and of nearly uniform caliber tlirougbout. The heads 
gradually taper out to a point posteriorly, and articulate with the cora- 
coids and scapuhe as they do in Eodgers’ Fulmar, described above. 

The middle of this arch below is thickened, being concave in front 
and somewhat produced behind, but bearing no jiroper hypocleidium, 
the modifications being apparently intended to give a greater surface 
for ligamentous attachment to the carinal angle of the sternum. 

In some specimens, when the girdle is articulated in sifUj this part of 
the furculamay rest against the ajiex of the angle of the cariua, being 
thoroughly strapped to it during life by ligamentous bands. 

It will be remembered, that anchylosis takes place at this point in 
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old CormorantSj and direct and extensive articulation in ISiiJa, and, if 
my memory serves me right, something of tlie kind takes place in PeJe- 
canus and Taclujpetes. 

The coracoid^ though short, is extremely stout and massive in struct- 
ure, The antero-posteriorly compressed shaft amounts to little more 
than a constriction between the head and wonderfully expanded sternal 
extremity. 

The base of this latter possesses articular tiicets to correspond with 
those described on the sternum; the outer small one being connected 
with the large inner one by a gently concave and thin border. 

Each extenio-lateral angle of the base of a coracoid is produced as 
in the Fulmars and Petrels; it is here, however, a broad, quadrate proc- 
ess, instead of being carried out to a point, as in the latter birds. A 
coracoidal head is much flattened at its summit and smooth, while as 
a whole this tuberous extremity is directed forward and inward to 
develop a shallow facet upon its mesial aspect for the furcula to artic- 
ulate with, as described above. 




Fig. 23. The shoulder-girdle of Diomedea albatrus; anterior view; life size. By the author, from 
specimen 3333, Smithsonian collection. Collected by E, Ilerentleen at Cook’s Inlet, Alaska. 



Its scapular process is situate rather higli upon the shaft, being 
concave from side to side in front, and rather flattened behind. Usu- 
ally it is pierced by the foramen found in so many other of the water 
birds, and here quite close to the coracoidal shaft. 

The glenoid cavity is comparatively small, so far as it is formed in 
bone, and no doubt in life its proper size is attained through the assist- 
ance of other structures. Coracoid and scapula offer each about the 
same proportional amount of surface to it as commonly seen among 
birds. A sca^nda is not much decurved along its blade, and this part 
of the bone is thickened, being nearly of an equal width throughout 
its length, though somewhat dilated at its hinder extremity, terminat- 
ing in a rounded apex. Its head articulates with the entire width of 
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tl)e scapular process of the coracoid on the transverse facet which occu- 
pies its superior margin. 

The mesial angle of this head is tilted up to meet the posterior apex 
of the clavicle, when in situ^ as naturally articulated. The fiircuhi and 
scapulie of tliis shoulder-girdle are both non-pneumatic, but the cora- 
coids have air admitted to their internal cavities through a few fora- 
mina, which are situated on their posterior aspects in the broad concav- 
ity which is formed at each sternal extremity. 

This condition of the coracoids in the Albatrosses disagrees with 
what we found in the Fulmars, these bones in F, roiVjersii being com- 
plctely non-pneumatic. 

So far as the Tubinares are concerned, this completes the description 
of all the material I have at present at my command. Mr Forbes says 
that ITlIerminier, A. Milne-Edwards, and Huxley have all, in describ- 
ing various points in the osteology of the Tubinares, pointed out simi- 
larities of various kinds between their osseous structure and that of 
various forms of Stegauopodes, though they still kept them close to the 
Larida‘. Eyton, on the other hand, plaees the various Petrels he de- 
scribes in the family ‘'Pelecanidm,’’ and Gulls forming a separate fam- 
ily by themselves. 

‘‘ Put no one will be prepared, I think, to dispute that the Stegan- 
opodcs are allied to the Ilerodioiies, including under that name the 
Storks and Herons, with Scoims only. 

“Thus, on osteological grounds alone, there is sufficient ground for 
placing the Tubinares in the vicinity of the Stegauopodes and Hero- 
dines. And, in ffict, neglecting the desmognatlious structure of the 
palate— the taxonomic value of which per sc is becoming more and more 
dubious as our knowledge of the structure of birds increases — there is 
little in the characters assigned to the groups Pelargomorplne and Dys- 
poromorphse by Professor Huxley that is not applicable to the general 
Petrel type.” 

It gives me a great deal of pleasure and satisffiction to quote these 
])a.ssages from ]Mr. Forbes’s work (Coll. Scientif. ]\Iem., i>. 431), because 
of all the various schemes of classilication and relationships i)roj)Osed 
for tlie Tubinares that 1 have read none so well meet my own views in 
the premises as these. 

OBSEUVATIONS UPON SEVERAL OF THE AMERICAN REPRESENTA- 



This liioiip is represented in the fauna of this country b^' six veiy 
well-distinguished families, viz: 



TIVES OF THE ORDER STEGANOPODES. 



1. The PhalHhonlida‘, 

2. The Sulidie, 

3. The Aidiingidm, 

4. The Plialacroeoi-aci(he, 



The Tropic llirds. 



The Gan nets. 
The Darters. 



r>. The Ik4(‘cani(he, 
d. Tlie Frcgatidic, 



Tlie Cormorants. 

Tlie Ik‘licans. 

The ]\Ian o’-War Girds. 
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At difiereut times anatomists have devoted considerable attention to 
the structure of these birds, and eveiy year, I think, we are becoming’ 
more unanimous upon the affinities they hold with other groups. On the 
present occasion I can contribute but little to this subject, although a 
good skeleton of SuJa bassana — No. 1GG43 of the Smithsonian collection, 
and kindly loaned me by that institution — will permit me to illustrate 
the osteology of that representative of the Sidldw. Then I will have 
something to add about the skeleton in the Cormorants and a word or 
two about the eraniology of PeJecamis, 

OSTEOLOGY OF SULA BASSANA. 

Some of the smaller bones in my specimen are missing, such as the 
major portion of the hyoid arches, a few ribs, and joints of the toes, but 
in the main it is in excellent condition, and from it no doubt I can pre- 
sent a very fair review of the skeleton of this type. 

Sida is noted for the high pneumatic condition enjoyed by almost its 
entire skeleton. We find this iMoperty extended throughout the axial 
portion of it, with the exception of the ribs and free caudal vertebra*. 
The pectoral limb is completely so, but in the pelvic extremity the femur 
is the only bone that appears to be pneumatic. 

OfthesliidL — In form the superior osseous mandible is fiat upon its 
under side with cultrate tomium, while superiorly it is convex from 
side to side, and tapers from base to apex gradually to a point, being a 
little decurved near the extremity. Sometimes we find it pierced by a 
foramen on this ui)per side, which leads to its hollow interior, but Sida 
is without nostiils, though their probable position, did they exist, is 
perhaps indicated by the posterior end of the longitudinal furrow that 
marks the mandible upon its lateral aspect (Fig. 24). 

An osseous, thoroughly adherent crust overlies the greater part of 
this superior surface, the only smooth place being a small area in front 
of the cranio facial hinge. This envelope is very thin 5 nevertheless 
when compared with the smooth iiortiou found above it its thickness 
is easily appreciated. Its entire surface is marked all over b^^ an ex- 
quisite anastomosing venation, the ramifications starting, in some in- 
st inces, from minute foramina in its substance. 

A lacrynml is a free bone, articulating with a roughened facet of some 
extent beneath the antero-external angle of the frontal above, and by a 
smooth, gliding facet on the ui)i)er side of the maxillary, which latter 
bone is thickened in a perpendicular direction and otherwise enlarged 
in order to offer it the proper amount of surface. As for the bone itself, 
it is of rather a columnar form, with the exception of its extended ante- 
rior margin, which is roundly notched and shows on its inner side the 
large pneumatic opening leading to its hollow interior. 

Ill Gannets there exists, projecting horizontally^ from the outer mar- 
gin of the frontal bone, on either side, from its prefrontal ])roeess,” a 
few millimetres posterior to the fronto lacrymal suture, a small rounded 
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1' iG. 24. Skull of Sitla hasftana; viewed from above; mandible removed ; life size. By the author, from 
a .specimen in the Smithsonian collection. 
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ledge of meuibrauo-cartilage, wbicb reiidiids one of the horizontal por- 
tion of the true laeryinal bone in certain gallinaceous birds, as the Fer- 
dteincv, for example. This feature lias been studied by mein Siila Ijrew- 
steri and 8. (jossi, specimens of which I am indebted to Mr, E. J. Eeed 
of Guaymas, Mexico, who kindly collected them for me, Tliis uiem- 
brauo-cartilaginons process probably never ossifies in the 8uUda\ 

In the adult bird it is impossible to distinguish the exact position, or 
any of the borders, of the nasal bone. 

The inaxillo jugal bar shows very plainly the suture between the jugal 
and quadratO'jugal; the latter is much smaller than the other portion, 
and shows a strong peg like process upon the inner aspect of its pos- 
terior end, which is at right angles to the axis of the bone. It fits in 
the deep conical socket on the side of the quadrate. Beyond its enlarge- 
ment for the lacrymal the maxillary is a thin, horizontal plate of bone, 
anchylosed in the usual way at its anterior end. Here it really enters 
into the apparatus of the cranio facial hinge, A process pointing back- 
ward and apparently coming from the premaxillary is seen over this 
horizontal plate of the maxillary on either side. Professor Parker 
found this condition present also in another species of Siila, and this 
eminent anatomist also describes a ‘^i)ost-maxillary ’’ for these birds 
which heightens the zygoma, overlying, as it does, its commencement. 

In tliis specimen the iuterorbital septum, which is a thin, smooth 
plate, shows considerable of a fenestra near its middle, and a few such 
openings of a very much smaller size pierce its posterior wall. 

The circular optic foramen is entire, is of a size apparently three or 
four times the caliber of the nerve it passes, and it seems to include the 
smaller foramen to its outer side. 

The orbital cavity’ itself in this Ganuet is very deep, the eaves of its 
roof almost overhanging the jugal bar beneath. Its superior periphery 
is smooth and rounded. All in front of the rhinal chamber is filled in 
by the spongy mass formed by the united inaxillo-palatines. The hinder 
portions of these bones are, however, still distinct, and they have all 
the appearance of these elements as they are found in birds which 
possess them as concavo-convex plates facing outward. 

The rostrum of the sphenoid is a hollow subcylindrical tube, united 
above with the interorbital septum. x\s we proceed anteriorly it be- 
comes more flattened from side to side, and gradually rises upward. 
At a point about half way between the palatines and cranio-faeial hinge 
it terminates in a process directed forward } above this is the sharpened 
ethmoidal margin, nearly perpendicular to the long axis of the skull. 
Osseous wings to the ethmoid never develop in Snla^ not even rudi- 
mentary" traces of them being seen at their customary sites. 

The cranio-facial hinge is exceedingly perfect in its construction, 
being composed of a thin plate of l)oue occupying the full width of the 
skull; the bones both above and below are separated from each other 
by a small interval for the entire length of the transverse line con- 
stituting the hinge, .. 

n-oc. X. M. 88 10 
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The pnrt played in the nieehanisin by the maxillaries has already 
been described above. 

We liiid tlie splienotie process to be bifid and jutting directly out 
from the side of the skull; on the other hand, the mastoidal process is 
a crest of bone enrlin.q’ forward, between these two the very wide 
erotaphyte valley is seen. 

The quadrate is a large, massive bone, with its mastoidal bead com- 
posed of two prominent ellipsoidal trochlea', seiiarated from each other 
by an intervening notch. Below these the shaft is seen to be rather 
compressed in an antero posterior direction, and supports in front at its 
lower half an unusually formed orbital process. This is a thin, tri- 
angular plate of bone placed in the vertical plane, and with its apex 
directed forward. The pneumatic foramen of the quadrate usually 
occurs on the posterior aspect of the shaft in most birds, but here it is 
situated to the inner and lower side of this orbital process. 

The pit for the quadrato jugal is cylindrical and deep, and a perfora- 
tion at its bottom may lead into the hollow of the bone. On the pos- 
terior aspect of the quadrate we find an irregular facet for the mandi- 
ble; it looks directly to the rear and stands at the head of a longitudi- 
nal and deep groove which is found between two similarly placed facets 
on the foot of the bone. 

Each pterygoid is a trihedral and compressed bone with prominent 
borders. 

Begarding this skull from a superior view (Fig. 24), we see in it a 
foramen in the siii)erior mandible near the site of the narial opening of 
the inajoi ity of other birds. From this aspect we also have a good view 
of the wonderfully perfect cranio-facial hinge of the Gannet. 

Posterior to this is a broad, smooth area, veiy slightly convex, and 
showing only at its hinder half the barest trace of a longitudinal furrow. 
This surface extends from the cranio-facial hinge to the anterior border 
of the erotaphyte fossa', while laterally it is bounded by the margins of 
the orbits. 

This view also shows the extent and form of these erotaphyte fossm 
and how they are separated from each other in the median line simply 
by an extension backward of a very narrow strip of the general surface 
that lies beyond them. They arc bounded behind by conspicuous and 
sharpened crests that cuii slightly forward, and are best marked later- 
ally, becoming very low as they near the upper part of the supra occip- 
ital t)rominence. 

The under view of the skull reveals a number of interesting points. 
We find that the anterior imrtions of the palatines are parallel to each 
other, sei)arated by a median cleft of a width equal to either one of 
them, and which becomes pointed behind. 

Their anterior ends do not merge into the premaxillary beyond until 
they are well past the points where the maxillaries are inserted. These 
anterior portions are thin, horizontal plates, being directly continuous 
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Fia. 25. Skull of t^ula bassana; right lateral view; life size. r>y the autbor, from the siiecimcii sho'mi 

ID Fig. 24. 
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with the horizontal and fused i)alatine bodies behind. This latter por> 
tion shows a small median earination Just in front of the united heads, 
and the ])ostero external angles are ratlier sharp, being pointed directly 
backward. 

Anteriorly, the pterygoidal lieads meet each other and the fused 
palatines, the thr(‘e forming a groove on their upper sides for tlie ros- 
trum. At their outer ends each i)terygoid oilers a shallow cup to form 
the usual articulation with the quadrate of the corresponding side. 

Professor Parker found that ^Mn JSnla alba the basi-temporals are as 
little developed as in the Dromaidir, less than in any other carinate 
bird. Behind each moiety there is a large oval opening, not far in front 
of the occipital condylej this exposes the loose diploe Avithin. The small 
Bnstachiaii tubes open at a little distance from each other, in a Avide, 
shallow fossa, on the part where the three elements of the parasphciioid 
meet.*’ The description of these details agrees with the skull of the 
specimen before us. Professor Parker, howcA^er, Avas fortuuate in liaA"- 
ing the skeleton of the ear parts in his specimen, and of them he says 
that ^Mn Sula alba the columella auris is A^er^^ long and bent. It has a 
small, cartilaginous, extra supra-stapedial process and a long attenuated 
stylohyal.” 

On either side, the entrance to the middle ear in this Gannet, as in 
others of the same genus, is shallow, and it is situated quite internal 
to the quadrate bone, while immediately^ mesiad to it there is a pit ot 
great depth, Avith its aperture looking doAAuiAvards, and its base in the 
vault of the cranium, AAdiich seems designed for muscular lodgement ; 
the positions of the usual foramina about it are peculiar, and extremely^ 
interesting in these birds. 

The bony wings that shield the entrance to the ears are large and 
tdted up behind. Each one shows the double facet for the mastoidal 
head of quadrate, the outer one having its inner margin encroached 
upon by the pit described above. 

The postero internal angle of either of these wings is connected Avith 
the side of the eleAmted basidemporal region by a bony bar. This con- 
dition can best be seen from a i^osterior vicAv. When speaking of the 
orbital cavity I neglected to mention that the upper part of the septum 
is longitudinally^ marked, as in most birds, by an o])en, single grooA^e 
for the passage of the ol factory' nerve to tlie rhinal space bey'oiid. The 
exit for it from the brain-case is very' small, indeed, and on one side the 
bone s])reads over it, rendering the nerve track, for a fraetion of the 
initial part of its course, tubular. 

The brain-box itself is capacious and notable for its great width over 
its compression in the A'ertical direction. Its anterior Avail looks directly' 
downward and forwaid, making an angle of about 4o degrees Avith the 
horizontal palatine bodi(‘S. Scam IVom behind (Pig. B7), the skull shows 
above the extent to Avliich the crotaphyte fossa^ ap])ioach each other in 
tbo median line and tho crest that divides them from the occipital area» 
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Fig. 20. of Sula bassana; basal view; mandible removed ; life size. By tbe author, from the saem 

specimen shown in Figs. 24 and 25. 
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Tills liiUer hiis thr usuiil To rm seen ainon«4’ these eornionmt like birds, 
eoiKstitiitiiig an areli over ilie Ibrameii inagmim, wliicli oeeupies the 
eeiiter of a eoneavity belo^v it. The snpra-occipital proniiueiice is here 
distinguished by a low, smooth, median ridge, which traverses this 
domedike elevation from the intererotaphyte line to the superior pe- 
riphery of the foramen magnum. 

The plane of this latter aiiertnre is about perpendieidar to the plane 
of the basis eranii. In outline the foramen is broadly elliptical, with 
the short axis transverse. At its lower margin we see a large ellip- 




Fig. Poftterior view of the skull of Stda hassana; iiiaiulililo removed ; life size. By the anlhor. from 
the same specimen shown in Fi,i;s.24 ct scq. 



soidal condyle, with its short axis at right angles with that of the fora- 
men. Delow this again are the oval o])eniugs in the basi-teinporal, 
siioken of by Parker, with the prominent descending processes of this 
region thinking them on either side. 

In form the inferior mandible is spear-shaped, its sides tapering grad- 
ually to a sharpened apex. These latter, for the outer aspects of their 
anterior two thirds, show the same character of venated surface as t 
described for the superior mandible. Posterior to this, however, as 
well as the inner ramal aspects, the bone is smooth, having the same 
appearance as in most birds. 

The symphysis is short and develops a S])ine behind, which points 
directly backward and is in every resiiect similar to the process in the 
same place, between the sides of the lower jaw, in Herons and Alba- 
trosses. lOach ramus of this mandible is very thick from side to side, 
but these parts are hollow, and the bone as a whole is very light, owing 
to the high state of piieumaticity it enjoys. 

The foramina for the entrance of air to its interior are four in num- 
ber, two on either limb, one being to the mesial side of the articular 
cup, and another larger, longitudinally placed, elliptical one just be- 
yond this concavity on the inner aspect of the ramus near its upper 
border. The superior side of an articular end has a deep excavation at 
its center upon which the facets for the (piadrate do not encroach, so 
that, when tlie jaw is articulated, this pit comes opposite the notch be- 
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Fig. 28. Inferior mamliblo of Sula hassana ; seen from above; life size. 

specimen ligiired in 24 et seq. 



By tbe aullior, from the same 
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tween the troehleu* of the mandibular foot of the quadrate, creating an 
irregular hollow space there of no inconsiderable size between the 
bones. When the quadrate thus covers it there are two entrances that 
are left open, one in front and one behind, close to the pneumatic for- 
amen. 

The mandibular angles are truncate and very nearly perpendicularly 
so, their surfaces being concave and very broadly luniform in outline. 

Commencing just in front of an articular cup, we find the superior 
border of the ramus to be rather wide and rounded as far as the meet- 
ing with the dentary. This portion presents near its middle a double 
coranoid process, one being in front of the other. The dentary portion 
of this border has an outer cultrate edge and an inner and somewhat 
lower rounded one. 

The outer edge goes to the anterior apex of the symphysis, the inner 
one to the hijider termination of the same, while between the two a 
nearly horizontal surface is contained, which gradually becomes nar- 
rower as we proceed in the forward direction. 

Tlie lower borders of the mandible are rounded for their entire ex- 
tent, being produced beneath the articular cups and continuous with 
the inner boundary of either truncate angular extremity. 

We find that the usual bones which surround the true ramal vacuity 
on the side of the mandible in many birds here interlock with each other 
so as to completely fill the fenestra in, but in rather an unusual way 
and apparently for a definite purpose; for each ramus presents, both 
on its inner and outer side, an oblique slit, these slits being opposite 
each other and with their anterior ends in the superior border. It is 
evident that this otherwise thick jaw is much weakened at these points 
in each ramus, and this occurs just posterior to the hinder termination 
of the horny sheath of the lower beak. In other words, the hinder 
moities of the mandible are attached to the anterior or dentary x^ortion 
by thin plates of bone, consisting principally of the splenial elements, 
and are capable of being bent outward, which in the recent specimen 
can, owing to the way the quadrates are attached, be effected to a con- 
siderable degree. Xow in life these oblique slits have their anterior 
ends come opposite the thin anterior insertions of the maxillaries, and 
these latter are just beneath the very mobile cranio-facial hinge, so 
that the whole a])])aratus is admirably arranged to x^ermit an increase 
in size of the fon^ part of the buccal cavity when this Gaimet swallows 
the fish that constitutes its food, and which its beak is so well fitted 
otherwise to captui e. iMoreover, this possible increase in caliber takics 
])lace in that x)ortioii of the digestive tra(d where it is most needed, or 
where the bony walls of the mouth would prevent the admission of a 
very large morsel unless some such mechanism existed — at the very 
entrance of the buccal cavity and just posterior to the more horn^" 
theca‘ of the beak. In Gannets, however, this mobility is to an extent 
restricted by the integumental sheath of the beak. 
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OF TUE REMAINDER OF THE SKELETON OF THE TRUNK IN SULA 

BASSANA. 

In this specimen of the common Gannet there are twenty-one free 
vertcbne in the spinal column before we meet the one that first anchy- 
loses to form, with the assistance of the thirteen succeeding ones, a 
sacrum for the pelvic bones. Then follow eight more free one devoted 
to the movable part of the tail. Finally, we have a long pygostyle that 
probably contains at least six more. 

They are all completely pneumatic save those ulterior free segments 
in the tail and the pygostyle. The sixteenth and seventeenth vertebrm 
support each a pair of free ribs; the next four belong to the dorsal 
series, and all have true vertebral ribs articulating with costal ribs 
from the sternum. This is also the case with the first two pair that 
spring from the pelvic sacrum. Behind these there is still another pair 
of ribs that very much resemble the post-pubic elements in form, whose 
hminapophyses do not reach the costal borders of the sternum. 

In mid-series these ribs support movable epipleural appendages, 
attached in the usual way to their posterior borders. As I have already 
stated above, they are completely non pneumatic. 

The neural canal is notable for being nearly cylindrical throughout 
the first twenty-one vertebne; it is only at the region of the enlarge- 
ment for the brachial plexus that it is rather compressed in the vertical 
direction. 

The atlas has a minute perforation in its cup, and its neural arch is 
strikingly broad and deep. Axis vertebra possesses a stumpy neural 
spine, and its hypapophysis, directed somewhat backward, is very promi- 
nent. 

The odontoid peg is comparatively small and nearly sessile with the 
centrum, the latter presenting a concave face below it. 

From the third to the fourteenth vertebra, inclusive, the neural spine 
is a very inconspicuous character, while from this on it gradually makes 
its appearance, increasing in size until we have the usually quadrate, 
longitudinal plate of the dorsal series. 

Third and fourth vertebrm have each a prominent hypapophysis like 
the one in the axis, but in the fifth this feature nearly entirely disap- 
pears. 

Sixth vertebra is faintly marked by the carotid canal; this gradually 
becomes more and more tubular in the seventh, eighth, and ninth, while 
in the tenth to the thirteenth, inclusive, it is a closed cylindrical canal 
of a caliber somewhat less than the neural canal above it. It disap- 
pears entirely from the fourteenth vertebra. 

The lateral canals extend from the third vertebra to the fifteenth, in- 
clusive; they are short in any of the segments, and their posterior 
apertures are far larger than their anterior ones. 

At the commencement of the cervical series the parial parapophyses 
are short and not particularly well developed. They project backward 
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from tlic ini’orior walls of the latei al canals, but as tlie carotid canal 
begins to develop these processes Mithdraw from the former positions, 
move gradually lower down beneath the centrum, at the same time in- 
crease in length and impoi tance, so that in those vertebrae where the 
earotid canal exists they i)rojeet from its postero inferior border directly 
backward as parallel and not far-separated spines. 

The post-zygapophyses do not appear asdivergent limbs until we lind 
them so in the eighth vertebra; in all the cervical segments anterior to 
this one the facets are situate on the inferior aspect of the tuberous 
hinder end of the neural arch at its lateral angles. 

IMetapophyses are seen on the ninth vertebra, but gradually dis- 
ai)peai‘, to be entirely absent in the fourteenth or fifteenth. 

The transverse processes in the dorsal region are broad, flat, and 
horizontal, being directed more and more to the rear as Ave approach 
the pelvis. The plates of the neural spines above do not meet each 
other when the eolnmn is articulated, and there is an entire absence of 
all interlacing, ossified tendons or metapophyses in this region. In 
fact, all the vertebne have a A^ery clean-cut, non angular appearance, 
Avith the majority of projecting borders rounded. 

The articular ends of the centra are constructed upon the hetero- 
caelous” tyi)e; the anterior faces in the ultimate cervicals and leading 
dorsals being notably Avide and shalloAv,and often riddled with foramina. 

Pygostyle and the free caudal A^ertebne Avill be spoken of after, the 
pelvis has been described; in the mean time AA’e will turn our attention 
foi' a fcAV moments to the description of the sternum and pectoral arch. 

The sfernum (Figs. 20 and 30). — This bone in a Gannet has the most 
unique form ])ossible. A pectoral aspect of the bone shows that the 
body has an oblong figure or outline, Avith the average width nearly 
equal to half the length. Beyond this parallelogramic part the ante- 
rior portion jirojects as a luassiA^e* promontory, and a large part of the 
Carina is beyond this again. 

The anterior moiety of the bone is coiiA^ex on this side, and corre- 
simndingiy concave on the thoracic aspect. Behind, the body is so 
Ihittened out as to be nearly horizontal. The costal borders look out- 
ward and slightly ujiward, and each possesses six moderately well- 
develojicd facets for the costal ribs. There are no pneumatic foramina 
in the elongated and shallow interA^als. 

The in incipal orifices of this character consist in a diftuse group on 
the superior aspect of the anterior projecting part, Avithin the general 
concavity of the bone. 

Either costal process gracefully rises from its base as a laminated 
and prominent horn, curving in the anterior direction. 

The posterior moieties of the lateral borders are somewliat rounded 
and extend almost directly backAvard OA^er the lateral processes behind. 

These postero external xii)hoidal jirocesses are A^ery long and wide, 
being rounded olf at their extremities and directed a little oiitAvard. 
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They are crcateil by this hinder portion of the bone being so pro- 
foiindly one-uotchcd that a general concave margin has resulted, with 
simply a median papilliform j)rocess remaining (Fig. 29). 



Fig. 29. Sternum Sida hassana; pec oral aspect; life size. By the aiitlior, from the same specimen 

shown in Fig.s. 24 et seq. 

The Carina juts out very proniineutly in front ot the bone 5 its antcrioi 
angle sliowing a large facet, concave from above downward, for the 
furcula, which in life articulates with it. Above this the border is again 
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concave and ►sliai’p, ^vllile abo\ o this, again, lliere is a compressed proc- 
ess tliat represents the niamibriimi. 

The lower border of the keel is straight and in the horizontal ])lane, 

being caj)ped ott with a spreading rim. 
This border merges into the surface of the 
body of the bone before it half way reaches 
tlic xiphoidal notch. 

The sides of the keel arc smooth, and 
neither it nor the under side of .tlie sternal 
body show, in this specimen, any of the 
mnscnlar lines nsnally present in most 
birds. 

A broad median notch, concave from 
side to side, convex from before backward, 
lies between the lofty superior portions of 
1 h(‘ coracoidal grooves. These latter meet 
in front of it at the mannbrial base, while 
behind its surface becomes directly contiii* 
nous with the general surface of the upper 
side of the body, and right where the group 
of pneumatic foramina are found. 

A coracoidal groove looks forward and 
outward for its upper portion, directly up- 
ward for its lower, and extends about half 
way between the base of the costal ])rocess 
and the manubrium. It consists of two 
portions which are directly continuous with 
each other. The lower one is a shelfdike 
projection, with a convex border forward 
and its articular surface in the horizontal 
plane. Immediately above this rises a 
much broader surface, though not so long, 
which is decidedly convex from above 
downward. This portion of the facet for 
the coracoid is considerably liigher than 
the plane in which the borders of the body 
of the bone are found, it faces forward 
an d on t w a rd , a 11 d h a s o n e reg u 1 a r con vex i t y 
as its limiting margin above. 

Between the point of its outer termina- 
tion and the apex of the corres})onding 
costal process the border is one sweeping 
concavity. 

This form of sternum seems to be pecu- 
Fi(i. 30 . S((‘rnni!i of ,Si(ia bas;,inia ; liar to tlic >>>ulid(i\ 011(1 it ditfcrs ill a num- 

l.crofi.ointsI>otl.lio.ntI.eConn«rant.SM,ul 
shown in i-ius. L’u/ sv/y. froiii the l*elicans. Nor do we S(‘e any- 
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thing in it to remind ns of birds of more distant kinship, as the Alba- 
trosses. In other respects, however, it presents characters common to 
all of these, and not a few resemblances with the last-named group. 
When this sternum is articulated with the shoulder-girdle its fantastic 
shape is by no means diminished, for the forms of the various bones 
which compose the latter, and now to be described, are equally curious 
and decided departures from the more common style of these elements. 

Of the shoulder-girdle (Figs. 33, 31, and 35). — This part of the skeleton 
is, like so much of the rest of it, thorouglily pneniuatic, the foramina 
occurring at their usual sites. 

The clavicles form a broad |J-sli‘"^PGd arch, and are completely united 
below, where, at their under side at the median point, they support an 
extensive facet for articulation with the carinal angle of the sternum. 
This does away with any such a thing as a hypocleidinm pro])cr, still 
the bone projects slightly- over this facet. 

The clavicular limbs are compressed from side to side, broader above 
than below, with the anterior and posterior borders rounded off. 

A clavicular head is also compressed in the same manner as its shaft, 
and tapers off as a pointed process. 

The most striking feature about this part of the bone is, however, 
the extraordinary facet it supports to articulate with the coracoid. 

Either one of these is situate at the outer aspect of a head, upon a 
promontory of bone there found of a proper form to receive it. The 
facet is of an elliptical outline, placed verticall}", and facing directly 
backward. Something of a notch is found between it and the clavicu- 
lar head, in which occurs a number of the principal imeumatic foramina 
of the furcula. On the anterior surface, just below the siunmit of a 
coracoid^ we tind a distinct elliptical facet for articulation with a simi- 
lar one just described for the fourchette. Between this and the ear- 
shaped glenoid facet considerable of a valley is found. On the opposite 
side of the coracoidal head we find a group of pneumatic foramina and 
below these a peculiarl}^ formed scapular process, a si)ine-like apophysis, 
which rather gracefiill}" curls upward and then toward the shaft of the 
bone. 

This latter portion of the bone is subcylindrical and smooth, dilating 
below into a transverse Ian shaped sternal extremity. 

A scapula offers but a very small portion of the articular surface for 
the glenoid cavity 3 not more than an eighth of it in the present speci- 
men. 

The head of the bone then reaches forward and inward, but only the 
outer two-thirds of this makes an indifferent articulation with the nar- 
row and roughened border of the scapular process of the coracoid. 

The shaft of the bone is quite stout behind this and somewhat com- 
I)ressed in the vertical direction, while posteriorl 3 ^ it fiaUens out into a 
broad paddle shaped extremity that finally tapers to a point behind, 
(Fig. 35.) 
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Of the pelvis ami caudal v cr t eh m\— The first vertebra that anchyloses 
with tlie pelvic sacrum projects entirely beyond the iliac bones (Figs. 
31 and 32). Us centrum, in coniinoii with the next three that follow it, 
is niiich compressed from side to side, and its neural spine is continuous 
with the common neural ridge above of the succeeding segments. 

The first five vertebric that lie beneath the ilia throw out their 
ai)ophyses in the usual way for their supi)ort; the last two of this scries 
meet the iliac margins. Uere the neural canal and centra are large, so 
as to afford room for the increase iu size of the cord where the sacral 
plexus is thrown off. 

Twent y-eighth and twenty-ninth vertebrm have their processes thrown 
directly upward, so that they are not visible upon direct ventral aspect. 

In the thirtieth vertebra they are powerfully developed and extend 
dii'ectly across the basin to abut by anchylosis against the pelvic walls 
immediately behind the cotyloid cavity on either side. From this point 
the centra of the uro sacral segments taper quite rapidly in size to an 
enlarged facet on the imsterior aspect of the last one, intended for the 
first free caudal. 

'file extremities of their diapophyses anchylos in a very thorough 
manner with the inner iliac margins, and a lateral view shows their sides 
to be riddled with pneumatic foramina between these processes. 

Viewing this pelvis from above, we notice that the entire inner mar- 
gins of the iliac bones have merged into and completely auchylosed with 
tlie sacrum. 

This converts the ilio neural grooves into ilio-neural canals and gives 
the bone a very ccwnpact appearance. 

The anterior margins of the ilia are rounded and are set off with rather 
a deep and raised emarginatiou. 

Post- and pre-acctabular surfaces are about equal in the extent of 
their superficial areas. 

The anterior iliac surfaces arc concave on either side, and each faces 
upward and outward to about an equal degree. 

Elevated above these anterior iliac concavities we find the post- 
acetabular area to be nearh^ horizontal. Large elliptical foramina are 
found between the apoi)hyses of the last three or four uro-sacrals, and 
these latter, likewise, develop quite a prominent neural crest. 

Upon lateral aspect of this pelvis we find a very large cotyloid ring, 
the inner margin of which is fully equal in size to the outer. A moder- 
ately sized antitrochanter occupies its usual site, with its articular sur- 
face <lirectcd downward, forward, and outward. 

Lehind this occurs an enormous elliptical ischiac foramen, that oc- 
cupies nearly all of this post-acetabular lateral asi)ect. Through the 
fenestra thus formed we are enabled to get a good lateral view of the 
uro-sacral vertebrae and the extensive )>uoumatic condition the}" enjoy 
(Fig. 31). 

The lower margin of the ilium is sharp and convex; it forms the su- 
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perior boumlary to a long, narrow, obturator space, which opens freely 
into the rather small obturator foramen. 

A pro-pnbis does not develop in this Gannet, while the post-pnbisis 
for the most of its extent fragile and slender. It begins to increase in 




Fig. 31. Pelvis of Sula hassana, with sacral rih; left lateral view; life size. I»y the author, Irom !ho 
same specimen .as shown in Fig. 24 et seq. 



size just before arriving at a ])oint opposite the end of the iscliinm. At 
this point it offers a small facet on its upper margin for the ischiac. 
postero-inferior angle, and the two bones are in contact during life 
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The post-inibis then, letaiuing its increase in size, ciu ves inward toward 
the fellow of the opposite side, to terminate in a cartilaginous tip. 

The posterior border of this lateral aspect shows a well-marked ilio- 




isehiac notch at about the niitldle of its extent. The outer side of the 
bone between it and the iscuiao foramen is directed upward as well as 
outward. 
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'As alreiul}' nieiitioued above, there are eight free \eitebra‘. in the 
tail, ami a large pygostyle. The ueural spiues of these vertebrie arc 
short and stumpy 5 some of them are bifid anteriorly ; llie neural arches 
beneath them close over the spinal canal for the entire length of the 
series, and it is seen to perforate, for a short distance, the pygostyle. 
The transverse proc(‘sses are nunsnally thick and strong, being gen- 
erally depressed, and in those segments \vhere clievron bones occur they 
are ancliylosed to the centra and hook forward over the preceding 
vertebi a, after a fashion. of many other birds wherein they are found. 

On either end of any of the centra the facets show but little con- 
cavity or convexity. 

The })i/gosti/Ie 37) appears to be comiiosed of about six vertebra*, 
of which the three anterior ones can be quite easily made out. It has 
a very unusual form in this bird, being vei*y long and subconical, with 
sharp superior border and rather decurved apex, llelow, it is broad 
and somewhat convex. Viewing it from in front we notice that it has 
all the elements present, though in a very rudimentary state, of one of 
the caudal vertebra^, including a large, i)romin(‘ut, and ancliylosed 
chevron bone. 



The pectoral Umh . — We find the bone of the brachium to be somewhat 
longer than the radius and ulna in this limb, but the material before 
me will not permit me to say whether or no (his holds true with Gor- 
incrrants and Pelicans. In it the ulnar crest is prominent and project- 
ing, thongli rather inclined to retreat from the elongated and shallow 
imeumatic fossa than arch over it, as in many other water birds. The 
radial crest is reduced to a long, low, inconspicuous ridge, and, in fact, 
this proximal end of the humerus, as a wdiole, merges into the shaft so 
gradually from both sides, and its being so narrow^ withal, that we are 
rather impressed witli its lack of stiengtli and an absence of a certain 
robustness so characteristic of other birds of equal size that lead a simi- 
lar life. This in no way applies, however, to the shalt itself, for this 
subcylindrical and hollow^ bon\^ tube, with its double sigmoidal curve, 
carries witli it the very elements of strength and power. 

Its distal extremity lacks but little of being as wide as the widest 
part of the head of the bone. It is without an ecto condyloid i)roccss, 
has the trochlea* very prominent, and presents for examination a deep 
fossa to the anconal side of the ulnar tubercle. 

The shaft of radius for so long a one is unusually straight, and only 
a slight curve is noticed in the proximal moiety of ulna. 

In its continuity the former bone is siibtrihcdral in its form, with its 
pneumatic foramina situated beneath the transversely expanded portion 
of the distal end. .Muscular lines mark this radial shaft along its in- 
ieTior aspect. 

Por its distal moiety the shaft of nlna is nearly cylindrical in form, 
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blit this is j;T:i(lnally oxchanyea for tlic siibti'iliearal as we pass over tlio 
proximal halt' of' tlii' bone. 

It jireseiits tor examination a (bmblc row of feebly inarkea papilhe 
tor the (piill butts of the seeoiiaary leathers. 




^''arious Ooncs baasana, from the same fipet inieu as shown in Figs. 21 et scq.: sill life size. By 

the author. 

33. The fui'cula, rotated mit\vai\], so as to show laet ls of ai litMihitioii for hciols ol eonicoida. 

Fig. .34. liight coraroitl, ante! ior a.spcct. 

Fit;. 35. Kiglil .scapula, oiitt*!’ a.spect. 

Fit;. 36. Anfeiior aspert of l itjht tarso-nietalnisal hone. 

J'lG. 37. Right lateral view of pygostyle, togelhi r with last coccygeal vertebra. 

A long, Nliallow, tliongli iiotnble, fossa is soeii at the iiroxiinal and 
anconal side of tlie shaft, ^vhich terminates just beyond the ])roiniiieiit 
cnp-sliaped articulation for the ulnar tubercle of hninerus in a single 
pnemmiticforamon. This fosga has all the appearaiiceot’being iuteiided 
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to lod^c ail air-sac, but the lack of fresii material prevents me fiom 
speaking* positively upon this point. 

Other ])ueumatie holes occur at the distal end of ulna upon all sides, 
except the outer one. The olecranon, though large and rather tuheious, 
would not particularly attiact our attention. 

A distinct canal upon the outer aspect of the distal end of the shaft 
for the passage of the tendous characterizes tliis bone. The articular 
siirlace shows nothing of special interest. 

As usual, the cai’pal segments ai*e but two in number — a radlale and 
an ulnare. They present the forms and facets common to these bones 
generally. Both are iineumatie and have large apertures for the admis- 
sion of air to their hollow inteiiors. 

The carpo metacarpus also presents a number of these foramina at 
either of its extremities; the luincipal one, however, is found just 
below the trochlear surtaco formed by os magnum upou the anconal 
side of the bone. A notable process occurs immediately below it, and 
another group of these air-holes to its outer aspect near the short and 
inconspicuous first metacarpal. 

The main shaft is straight and of good caliber; it is longitudinally 
grooved nearly its entire length on the jialmar siile for a tendou going 
to the fingers. This is best marked upou the distal moiety of the bone. 
The metacarpal of middle digit is also straight for the major extent of 
its continuity; its extremities becoming enlarged in ord(*r to allow it to 
make the usual connections with index metacarpal. Jt is rather slen- 
der and develops no special pi’ocesses, as it sometimes does in other 
representatives of the class. 

The expanded portion of the jiroximal joint of index digit is not per- 
forated, not even by the numerous pneumatic foramina which are irieg- 
nlarly scattered over its surface. Below it is produced as a notable 




Fig. 38. liiglit metacarpus of Sula hassana; anconal aspect ; life size. By the autlior, from the same 

specimen as shoNvn in Fig. 24. 

])rocess, and a process that is seeu in some of the extinct birds, as in 
Ichthijonusj for instance. The shaft of this phalanx is broad and fiat 
anteriorly, and perfectl^^ straight from above downward. 

Etpial to half the length of carpo-metacarpus, the distal phalanx of 
index digit is of a trihedral form, with an extensive excavation at the 
])osterior aspect of its proximal end, which is continued in a lesser de- 
gree the entire length of the bone. It bears no claw below, but is tin 
ished oftMyv a distinct little ]uocess. 

Pollex phalanx has very much the same form as the one just described. 
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but it lacks tl)c lon<;itn(lii!;il (‘X(*avation down its ]H)stci ior aspect, llotli 
of tl)c bones ai(* pnennialic. l.astly, w(‘ liave tlie smallest ])lialanx of 
all beb)n^in.n’ to the middle iu\^^cr. This, as usual, is behind the broad 
proximal Joint ol‘ imb*x, and not quite e(]ual to half its binder border in 
len^utli. 

0/ Ihc pt/rn* limb . — In e(mi])ai ison with the general sizi‘ of the Gan- 
net this lowei’ extremity is v(‘iy short, though the bones composing its 
slodetoii aie nom* the less strongin cons(H]uen('e. In the femur we tind 
the axis of the Inaid and n(*ck making an angle with the longitudinal 
axis of the shaft. The head is (piite distinct, globular, and excavated 
as usual on toje Its sui'faee is continuous with the broad articidar sur- 
face which oc(‘ui)ies the entire summit of the bone. No trochanterian 
ridge rises above this latter, and, indeiai, this character of thetemui-is 
but poorly develojual. 

A pneumatic foramen is always seen at its most common site, on the 
anteiior as])ect, just below the superior aiticular sinface. 

The shaft is cylindri(*al, roughened in some places by lines and diffuse 
tnberosilics for mus(*ub;r attachment, bent slightly to the front and 
somewhat to the inner side. At its distal extremity the condyles are 
fashioned after the usual pattern among birds, but alt their characters 
in Snin present sort of a lack of stioiig development. The tlbular cleft 
is but faintly marked, the intereondyloid notch or fossa is shallow, and 
the ridges in front mmdi round(Ml and inconspicuous, 

vSoinething of the same condition is extended to the proximal end of 
tibio’lar.suH of the leg, though not to such a iiiaiked degree, I think. 
IIer(‘ the ('iiemial i)rocess lises but slightly above the aiticular summit 
of the bone, and the pio- and ecto cnemial lidges which descend below’ 
it soon nieige into the shaft, and are, at the best, but indifferently de* 
V(doped. 

Th(‘- shaft of this bone is stiaigiit and smooth and somewhat eom- 
]>ressed from before backward throughout. It offers a long lidge to the 
libida and is broad across where it is tbund. The distal extremity of 
the bone evinces inoi’c character than the ujq)er oih‘. An obliqu(‘. bridge 
to confine the extensor tendons is extended across the deep groove that 
contains them during life. 

Nearly jiarallel w ith each other, the condyles arc wide a]>art, promi- 
m*nt and coin’ex in front, to become sui)t)ressed and low’ thin-ci (*sted 
beldnd. 

Th(‘ fibula has the usual foian seen in birds, but is heie particularly 
interesting from tlu‘. fact that it does not aneliylose with the shaft of 
the leg-bone until it arrives at the middle of its lower Ihiid, and even 
from this low point the remainder of tlie bone, ineluding an oval ^‘ex- 
ternal inalleolns,” stands out quite prominently. This larc eondition 
of things was jiointed out also for Urinator lunune. 

Snia bus.snna has a long oval juilclhij obliipiely marked across its aii- 
teiior snri'ace by a groove for the tendon of the ambiens muscle. This 
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bone 1 liave already figured in anotlier coiniection. (Proe. U. 8. Xat. 
Mas., Yol. vrr, p. 327. P of Fig. E.) 

Tiirso metatarsus in Sulci strikingly large in its i)roportions when 
compared with the other bones of the limb. In length it is a little 
more than half as long as'tibio-tarsus, but being wi<ler and broader it 
appears much more massive. (Fig. 30.) 

Its hypo tarsus presents three short, longitudinal elevations of un- 
equal sizes. These inclose two tubular ])assages for tendons, and are 
grooved themselves besides. The back of the shaft is flat, but in front 
it is much scooped out above, where it shows two antero posterior per- 
forations. 

At the distal extremity tliree large trochlear i>rojections present 
themselves. They are separated from one another by wide clefts of 
about an equal depth. These trochlear are placed nearly side by side, 
the middle one being the lowest down, the inner next, and the outer 
one the most elevated. Their median grooves are best marked behind, 
but in addition the internal trochlea presents a dee]), vertical notch 
U])on its outer aspect. . 

The usual arterial perforation ]>ierces the bone above the cleft found 
between the outer and middle projections, a groove leading in to it 
from above. 

Accessory metatarsal is rather an elongated bone, swung to the 
lower part of the shaft in the usual way by ligament. 

The basal joint of hallux, which it suj>i)orts, is com])aratively more 
slender for its kuigth than the other joints of the foot. 

These latter are in number and arrangement for the three anterior 
toes the same as in the vast majority of the class. They ])resent all 
the characters usually attributed to the ]>halanges of the podal digits 
in birds, and are well pro])ortioned, both as regard their relative cali- 
bers and lengths. 

NOTES ETON THE SKELETON OF PIIALAOUOCOU AX UEILE. 

Three or four years ago I juiblished in Science*^ an account of the 
osteology of this Cormorant, then called P. hicristaUis, Professor Cones, 
in his ^^Key’’ to North American Birds, second edition, did me the honor 
to reproduce my figures from ‘‘ Science,” and I further added to them in 
an article on the patella of birds, which a])peared in the Proceedings 
of the U. S. National Museum (Yol. Yli, ]>. 325). Here I ])ointed out the 
unusual characters of the patella as they were to be found in tiie C'or- 
inorants, and gave a front view of this sesamoid iji P. urUe, 

Cormorants are further noted for ])ossessing, in common with Plofus, 
an osseous nuchal style (Fig. .30, sL e.), occuj>ying a position corre- 
s])onding to the ligamentum nuchie of most mammals. 

As in riotns, fiom either side of this fretdy ai ticulated styh^ of the 
occi])ut the tem])oral muscles also aiise. This little bone has been n*- 
marked u])on by Owen, Brand t, Eyton, Carrod, and other eminent 
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oi’iiitiiotoiiiists. CLiirod's ])a})(‘r on tlio ‘LVnatoiny ol‘ PlotKS anhlnga^^ 
is csiH'iMJilly woj'lliy of mention in tliis (‘oniiectioiij iind eontains a ^reat 
(leal o( malter (»l‘ rtOntiiig- to tlie strnetmv of the J)ar(ers and 

Cormoiants. (P. Z. S., lS7(h pp. ddo-«315.) 

The Cormorants liave a imMlian groove in 1 ]k‘ siii)ei ior asj>e(A, of their 
fused i)alatines for tin* rostrnin of the si)lie- 
/ ^ noid. Upon Ihuker’s antiiority, too, w(» tind 

f l A that in the ronnorants an oblong ossieli.' lies 

on tlio (‘onnneiKMMnent of the zygoma. It is 
large in 7A carho and small in 1\ f/racuhtsP 
Im) 1 ‘ additional j)oints in the skeleton ot'tlie 
Phidacrovoracidcv I mnst ref(‘r the reader to 
my artielein ^‘Seieiiee*’ r(derred to abov(‘ ( Vol. 
ir, Xo. II, p. (itO), vvlime tignres of the 
nnm, s]u)nldor-girdl(‘, and other ]>arts of the 
skehdon may be seen. 

OP>SEPTATIOXS UPON A SKULL OP PELEC^A* 
NUS PUSCUS. 

Tweiity-fonr years ago I eolleeted on the 
nortli side of Indian Cay a fine old male of 
this speeies of Pelican. Its vsknll 'was duly 
saved and now forms a part of my private 
cabinet. From it I made the drawing tliat 
aeeom[r, lilies tliese remarks. Ilnxley, in his 
Classitication of I>irds (P.Z.S., 1807), presents 
ns with an excellent iindei- view of the skull 
of PdecanuH onocrotalns, but the side vievr of 
tlie same is very indilferently drawn and a lit- 
tle misleading in some of the minor details. 

Pleasuring from the transverse cranio-facial 
groove we find the osseous superior mandible 
in this specimen to be somewhat less than 
four times as long as the remaining jiart of 
the skull. A vertical section inad(‘ through 
themiddleof the post(U‘ior third of this mandi- 
ble at right angles to its long axis gives an 
elliiitical figure, with the min'or axis on the 
horizontal plain'. The anterior t wo-thirds has 
a sliai]) lateral edge, while tlie extremity is 
ariiKMl with a poweifnl deciirved hook. About 
half of the fore part of this enormous Ix'ak 
is coniiiressed from above downward, a (‘ompression that is accomiia- 
nied by a gradual widening of the bone to near the end, where it slopes 
in toward the hook in the median line. 

The maxillo palatines constitute a great spongy mass that tills up a 




Fio. no. Left lateral view of the 
skull of Phalncrocorax xtrilo; life 
si/.e. lly the .aiillior, from a siuci- 
inen in the Smillisonian Instilii- 
tioii. xt. o., till' occipital style. 
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space anterior to the i hinal elmuiber. They unite in the median line, 
are bounded above by tlie premaxillaiy, below by tlie united palatines, 
while the anterior extremity of tlie maxillary fuses with the mass at 
about its middle on either side. 

In foim this inaxillo palatine mass is wed^e-shaiied, with the broad 
end anehylosed with the under side of the united nasal processes of the 
premaxillary. 

rosteriorly its wall is composed of compact tissue, being’ at right 
angles to the longitudinal axis of the skull. It slants from the under 
side of the cranio facial hinge to the anterior margin of a median fora- 
men, seen just anterior to the keel which is formed by the union of the 
palatines behind. 

This |)Osterior maxillo-palatine wall has a cleft in its lower two-thirds, 
while two conical pits, placed side by side, lined with compact osseous 
tissue, occupy its upper third. They have their bas(\s opening in the 
rhinal chamber, and their a[)ices are pierced by the small subcircular 
nostrils, one in each conical passage. 

The hinder half of the jugal bar is compressed from side to side, 
slightly dilated, with its end crooked u]), and in life simply bound to 
tl»e upper and outer side of the (juadrate. 

The body of a lachrymal fuses completely with the cranial elements 
above, its upper surface assisting in forming the smooth superlices of 
the frontal region. From this j)Oition it sends downward and slightly 
backward a descending process. This is com})osed of a cylindrical ped* 
icel for its upper third and an antero-posteriorly compress<Hl portion 
for the lower two thirds. It Diils to reach the maxillary, its tip remain* 
iug free just above that perpendicularly coni[)ressed bar which ])asses 
immediately beneath it. 

The interorbital se]>tum is entire, with the exception of a semicircu- 
lar perforation, ’which is immediately in front of the ai)eiture in the 
anterior w all of the brain case that gives egress to the optic nerves. 

Each olfactory has a small foramen in either orbit at its usual site; 
the track for the nerve being a bi-oad, shallow groove beneath the or- 
bital vault. 

The mcscthmohl is very deej); its anterior border is shai p and thin. 
Commencing in the ai)ertureof the angle between the pterygoidal shafts, 
it is carried directly upward and forward to the exi)anded portion be- 
neath the roof of the cranio-facial region, the edge meeting the median 
division of the maxillo palatines (Fig. 40). 

The lower fourth of this ethmoidal border is thickened and rounded 
for the articulation of the t)alatiue and pterygoidal heads. 

Coming, as usual, from the anterior ajiex of the basi temporal tri- 
angle, the other portion of the rostrum is dccui ved and meets the point 
referred to above in the angle between the pterygoids. 

A quadrate is a very large bone w ith a broad, triangular orbital proc- 
ess. Its mastoidal head can hardly be said to be divided into two, as 
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I'K;. 40. vi<'W of the pTcnll aiul ln.amlil*Io of Peleratuifr/tiitcus; .nnlorior jiortioll of Hion- 

(libloa not i;lio\vn. 

Fio. H. Outline of nnleiior ixntioii of sup* rior niaiulible, vie\ve<l from aboNO; b<»niy sboatli lo* 
moved. 

I'lii. 42 . J’r«)xiiiial exlicinily ofb ft ramus, fioui jiImvo; drawn in outline- 

All tlu'.se fi mires lif(‘ aizo. T.y tbe author, from specimen ho eollocted in the Ihilianui Islands in 
180.'), and at present in his private collection. 
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iu iJiost birds, and a large pneumatic foramen is seen iii)on its outer 
side — a very nnusnal place for this aperture. 

Its mandibular foot is narrow autero-posteriorly and very wide 
transversel3^ Two facets occupy its lower surface, separated from each 
other by a concave notch which is deepest anteriorly. 

The bone also presents a smooth articular surface for the quadrato- 
jngal at the point above mentioned, while a large convex facet is offered 
to the pterygoidal cup of the corresponding side. 

AYe find the external opening to the ear to be very small, and hid 
from sight upon direct lateral view by the quadrate. A sphenotic 
process is well developed, but the mastoidal one is simply a roughened 
line 5 between the two is a wide crotaphyte valley leading from the 
fossa of the same name, which is here small, inconspicuous, and entii ely 
lateral. 

Tlie orbital cavity itself is thus seen to be deep and capacious, lack* 
iiig bony walls ])rincipally upon its inferior and anterior as[)ects. 

Upon its under side this skull presents a number of points of inter- 
est. The anterior moiety of the superior mandible is here seen to be 
longitudinally grooved by a broad and shallow furrow, which gradually 
becomes somewhat narrower as we proceed backward, to finally merge 
into the convex median iiortion of the hinder half of this great rostrum. 
Along its median line it is marked by a few scattered, slit-like fora- 
mina, that lead into its shallow interior, which latter is largely filled 
with an cpen mass of spongy, osseous tissue, continuous with the max- 
illo-palatiiies behind. 

The palatine bodies, including their heads, fuse togelher for their 
entire extent in the median plane. Resulting from this union we have 
a single, descending, median carination, coiiqmsed of the united inner 
keels of the ])alatine bodies and a similar siqjerior median one com- 
])osed of the ascending i)roeesses of the same. 

The latter is truncated just before reaching the maxillo-palatine 
bodies. 

This skull lacks basi pterygoid piocesse^, while the pterygoids them- 
selves are short, thick set bones, with large anterior and posterior heads, 
and sharpened longitudinal crests on the superior as])ects of their shafts. 

The basi-temporal triangle is small and its area concave. A thin, 
pointed lip of bone eaves over the entrance to the Eustachian tubes, 
which are here apparently thoroughly surrounded by bony walls. 

\Ve find the foramen magnum situated at the bottom of a broad, deep, 
and transverse concavity. This excavation is bounded on eithci- side 
by the dome-like mastoid i>romincu(‘es, in front by the line of the base 
of the basi temporal triangle, and behind by a low, smooth ridge which 
arches between its lateral boundaries. 

The oecipital condyle is lather large, elliiisoidal in form, and placed 
transversely, while the outline of tin*, foramen is also a bioad clliiise, 
but with its long axis placed just the other way. The plane passing 
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tliroi|o!i its ]»ci iplieryiii;ik(‘,s :i;i an”I(‘ wiili the j)liiiic of tlie basis-crauii 
of about tiO (le^jreo.s. 

lic\uarclin.2: this skull from a superior as]>(‘ct ^ve an*, to note tlio siuall, 



Fir;. 43. Skull of /u.sr,/.; .ecu from ahovo; n.aruliMo rcinovca and anterior portion of .unc 

nor mandible not drawn. Same sp.‘cimen an ^ivtui in Fig. 40; life .size. J‘,y the author. 
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subcirfiilar opening.s to tlie iiostiils, sitiiatoil a little be.voml tlic irreg- 
ular line marking the eranio-faeial liiiigt*. (Fig. 41.) 

Their centers are about a])art, ami each one is situated at the 
posterior end of Ji groove. These grooves extend the entire length of 
the superior mandible, passing out on (‘ithei’ side of the hook at its an- 
terior extremity. At first each is rather on th(‘ lateral aspect of the 
bone, but beyond the postei ior half the}" gradually converge and get on 
top, to include between them the prominent convex cailmen. Just be- 
Jbre reaching the liook, however, the included surface bee.omes flat and 
depressed, when the lines terminate, as ])ointed out above. 

Fig. 4J sliows the form and direction of the cranio facial line, and also 
the broad, smooth surface of the top of the skull in this l\dican. This 
is very flat for the frontal region, being sim]>ly curved downward at the 
outer borders. As we proceed backward to the parietal region, how- 
ever, it gradually becomes more convex and dome like, though still re- 
taining its absolutely smooth and polished character. This kilter may 
also be seen from a posterior aspect, and below it the liigh, arching, and 
equally smooth occipital area. This latter extends down on either side 
over the enormous mastoidal elevations of this bird. We also notice 
that from this view we may see directly into the foramen magnum ; the 
entire pterygoids are in sight, and the quadrates come down far below 
the basi ci*anial plane. 

The mandible from the skeleton of a Pelican is nqiresented by a long, 
narrow loop of bone, which is strikingly devoid of prominent characters. 
Its symphysis is very short and decurved, being slightly excavated on 
its superior aspect behind. 

The upper and lower margins of either ramus are rounded for their 
entire length, while the sides included between them become gradually 
narrower as we proceed in the direction of the symphysis. These are 
smooth both internally and externally and both concave in the vertical 
direction. 

Eather more than the posterior moiety of each ramus is hollow for 
the admission of air, and each ])resents two foramina, which seem to 
be intended for that purpose. One of these is on the inner and upper 
aspect of the ramal shaft, just beyond a concavity that occurs immedi- 
ately anterior to the articular ciq). The other, elliptical in form, is on 
the inner and lower aspect, and about beyond it. 

Each articular cup i)r(^sents two concavities— a central one and another 
occupying the in turned process of this extremity. Both have pneu- 
matic foramina at their bases. The mandibular angle behind is trun- 
cate and much compressed in the perpendicular direction. Tlui under 
surface of one of these ends is [)crfectly smooth and gradually merges 
into the inner and outer surface of the ramal shaft. Almost comt)let(‘ 
disa])i>earance of the coronoids has taken place. Both the skull and its 
mandible are highly ])iieumatic. 



